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PREFACE. 



The work ■which is here presented was undertaken at the 
request of members of the Berzelius Trust Association, 
and two causes have combined to induce its publication. 
The first of these is the want which has been felt of aa 
accessible guide for metallurgical students in the laboratory 
of the Sheffield Scientific School ; and the second is the 
extreme paucity, and the general inadequacy of English 
works upon assaying, while the literature of German sci- 
ence is rich in this direction. 

The following pages have been translated from the 
second edition of Th. BoDEMANn's " AnMlung zur Serg- 
und Hiittenmanmschen Probierkunst," enlarged and revised 
by Bhuno Kebl, Clausthal, 1856. This excellent work, 
which is universally considered as among the best, if not 
the beat of the German treatises upon assaying, deserves to 
be more widely known and more generally used than it 
has heretofore been in this country. 

Our large and rapidly increasing mining interests justify 
and demand the preparation of a full, reliable, and practi- 
cal treatise, adapted to the wants of the country, upon the 
assays of the different metals. Such a work, however, has 
not yet appeared, and therefore I venture to hope that a 
translation of the more important part of this valuable 
Oerman work will not be a useless addition to the litera- 
ture of American Metallurgy. 
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"Want of time and other pressing circumstances bave 
prevented me from translating the whole of the work, and 
I have therefore chosen from among the metals those 
which seem to be of the moat general importance in this 
country. Iron, though fully treated in the original work, 
has been omitted here, partly for want of time, and partly 
because convenient methods for its determination are given 
in accessible works on chemical analysis. Zinc has been 
omitted for similar reasons. 

The German assay weights bave been retained, instead 
of reducing them to the French system, as such a reduc- 
tion would everywhere involve fractions of grammes, un- 
less the quantities of ore, etc., taken, or the proportions of 
ore and fluxes prescribed for the assays, or both, were 
changed ; and though the changes involved might have 
been small in quantity, they would still have made the 
book something more than a translation, which is all it 
purports to be. The full statement, in the Introduction, of 
the systems of assay weights employed, with their equiva- 
lents in grammes, where custom has given them an abso- 
lute value, will remove all difficulty on this account. 

The figures (also taken from the German work) repre- 
sent vessels and appliances which experience has shown to 
be convenient, adapted to their purpose, and easily obtain- 
able in Europe. In this country it may often be more 
convenient to use vessels differing somewhat in form, etc., 
from those here represented. This difference is immaterial 
so hng as they are adapted to the end in view, and circum- 
stances will determine how far it may be allowed. 

The reader is presupposed to have some knowledge of 
elementary chemistry, as also some acquaintance with the 
fluxes, furnaces, fuel, etc., generally used in assaying. The 
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latter information can be obtained from Mitchell's "Prac- 
tical Assaying." 

Black flux, however, with its concomitants, white flux 
and raw flux, have been described, though the last two 
are seldom used. For fuller information also respecting 
the fluxes, etc. ; for the methods of assaying iron, platinum, 
antimony, bismuth, zinc, tin, nickel, cobalt, chromium, 
manganese, arsenic, and sulphur ; and for copious references 
to the works of European metallurgists, the reader must 
be referred to the original work. 

Before closing I would acknowledge the obligations 
which I am under to Prof. Geo. J. Brush, of the Sheffield 
Scientific School, for assistance kindly rendered in the 
explanation of such technical metallurgical terms and 
pbrases of the German as occur in the work, and with 
which I was not familiar. 

W. A. Goodyear. 

Hew Haven, Mxy Is?, 1S65 
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INTRODUCTION. 



A.saay weights. 



The weights nseil in assaying in Gevmanj have generally 
the same subdivisions as the civil weights of the country, hut 
are always made to a much smaller scale. 

In Hanover, as well as in a large part of Germany, the 
centner of the civil weight is divided into 100 pounds, one 
pound into two marks or thirty-two loth, one loth into four 
quentchen, and one quentchen into four-fourths. 

For the assay of oi-es, the assay weights derived from the 
ahove preserve the same subdivisions, and the absolute weight 
of the assay centner is generally taken equal to one quentchen 
of the civil weight = 3.65i grammes. The smallest weight 
which is then determined on the balance is generally one- 
fouith or one-eighth of a loth, or respectively 0.2857 and 
0.1429 milligramme. One kilogramme — 2,138072 Hanoverian 
civil pounds. 

In the kingdom of Saxony, since the first of January, 1843, 
the new civil weights of that country have been introduced 
for the assay of ores. According to this system, the centner 
( = 50 kilogrammes in weight) is divided into 100 pounds, 
and one pound into 100 equal parts called pound parts, Ono 
centner therefore equals 10000. pound parts. The absolute 
weight of the assay centner is here taken at 3.7S grammes = 
0.76 pound parts. The smallest weight then noted in the 
assay of silver ores is fixed at half a poimd part, which is, 
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z .0000375 of a pounil part of 



therefore, .1875 mtligra 
the civil weight. 

At Przibram, in Bohemia, an assay centner of 10. grammes 
serves as the unit of weight. This centner is divided into 100 
pounds, each pound into thirty-two loth, each loth into four 
quentchen, and each quentchcn into four denSr, Half an 
assay centner of ore is genei'ally here weighed out for 
an assay, and the smallest weight stated in the result is half 
a pound in the lead assay, and single denfir in the silver 



At many smelting works an assay centner is also in use, 
which is divided into 110 pounds, each pound into thirty-two 
loth, and each loth into four quentchen. 

For the assaying of coins, aui'iferous silver, refined silver, 
etc., the mark weight has been introduced in Germany. The 
absolute weight of the commercial mark employed for gold 
and silver is not the same in all places ; but the mark is every- 
where subdivided in the same way, and the assay weight 
retains this subdivision. 

The mark weight is as follows : 





For Gold 






Fo. 


u..... 




Mirk. 


Carals. 


Gr.a 


Mirk. 


Loth. 


ne.,.0 


Gr^l.. 


1 


24 


288. 
12. 


1 


16 
1 


256 
16 


288 
18 



The denar is used almost only in Austria. 

The gran is also further divided into four-fourths or eight- 
eighths both with gold and silver. 

In some German States, besides the old subdivisions above, 
the mark has lately been subdivided into decimal parts, 
i.e. into tenths, hundredths, and thousandths. In ^Mvi- 
berg, for example, the mark is taken = one gramme — 1000 
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iNTRODtrcriON. 13 

milligrammes, and results are weighed to within a milli- 
gramme. 

The absolute weight of the assay marli is not everywhere 
the same. The custom most generally adopted, perhaps, is to 
take yL of a loth, civil weight, in the assay of silvei', and j'j 
of a loth, civil weight, in the assay of gold, as the weight of 
the assay mark. 

The ahsolute value of the unit of weight employed in assay- 
ing is a matter of indifference in itself, provided it he so 
taken as to be convenient for the work and suitable for tha 
capacity of the vessels, etc., employed. 

For genei-al practice, however, it is far preferable, at least 
in the United States of America, instead of these varied Ger- 
man systems, to use the French weights, which combine the 
advantage of great simplicity with that of being already 
widely employed and universally understood. 

Black flux, white flux, and rawflv/x. 
White flux is produced by deflagrating together equal 
parts of saltpetre and argol ; black flux, by deflagrating one 
part of saltpetre with two to three or more parts of argoL 
Generally one part of saltpetre and two and a half [)art8 
of argol are taken. The finely pulverized and intimate 
mixture for either fiux, befoi'c it is deflagrated, is called raw 

After the saltpetre and argol have been finely pulverized 
and sifted separately, they are intimately rubbed together, and 
then deflagrated by throwing the mixture little, by little into 
a low-red-hot crucible, which after each addition is lightly 
covered over. The deflagration may also be conducted, 
though less advantageously, by filling the crucible about two- 
thirds full of the raw flux and then touching it with a red-liot 
coal or iron. It can only be performed in the Open air or 
under a. flue with a strong draft, as the tartaric acid evolves 
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14 INTRODUCTION. 

various empyreutii'itic volatile matters in con^iderablo quantity 
during iti dccompOMtt jn 

With white fiux the salipetre sufBoes to bum all the coal 
produced by the caibonization of the t^rtanc acid, and the 
result 1^1 theiefore almo'^t pure caibonate of potassa, if pure 
saltpetie and pure argol have been used If the latter were 
inipuie the lesulting neutril ciibonate of potassa may con- 
tain several, perhaps ten pei cent of caibonate of lime. 
White flux wfrks like ordmar* cirbonate ot potaissa, which is 
therefore almost thi lys pieftrred to the ftr more expensive 
Jiux. 

With the blaik Jfiix the quantity of saltpetre is not suffi- 
cient to b im ill the coal from the argol, and there remain 
therefoie in the black flux, according <is two, two and a half, 
or three parts of argol were taken, about five, eight, or twelve 
per cent, of free carbon, which is mixed in the most intimate 
manner with the resulting neutral carbonate of potassa — more 
intimately indeed than would be possible by any mechanical 
means. This coal does not hinder the fusing of the assay 
when the flux is used, and effects or promotes the reduction 
of the metallic oxyds. 

Fusion and reduction, sometimes also desnlphorization, are 
the purposes for which black flux is used, and, accoi'ding to 
the special charat-ter of the i^say, a greater or a less propor- 
tion of coal to the caibonate of potassa maybe desirable, 
and this is to determine whetiier t«o, two and a half, thi-ee, 
or moi'e part^ of argol are to be used to one of saltpetre. 
As a general rule it may be stated, the more difficultly 
fusible is the assay, the more potassa ; and the more metallic 
oxyd is to be reduced, the more coal ; and the more also of 
the latter, the more oxygen the oxyd contains. 

In many cases, instead of black flux, a mixture of carbonate 
of potassa and powdered charcoal, in a suitable ratio to each 
other, suffices, especially if the mixture, before use, is passed 
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INTRODUCXION. 15 

through a sieve, or otherwise vei-y intimately miDgled. In- 
stead of the powdered charcoal, also, a correspoDding (about 
two to four times aa large) quantity of Jlowr may be mixed 
with the carbonate of potassa. 

A mixture of one hundi'ed parts of pure carbonate of 
potassa and ten to fifteen parts of wheat or rye flour is to be 
preferred to black flux in ease the argol contains gypsum, or 
the saltpetre, sulphates, which in many cases might work 
injuriously upon the assay. If this is the case, then, in the 
presence of a reducing flux, sulphid of sodium is apt to 
form, which, for example in the copper assay, occasions the 
slagging of copper. 

As a perfectly general rule for the use of black flux, and 
of mixtures similar to it, it is to be obseiTed that the cruci- 
ble should never be more than two-thii-ds filled, as the assay 
always intnmesces, i. e. evolves gaseous matters, when free 
carbon is present. 
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ASSAY OF LEAD. 



F THE DRY LEAD 1 



We are acc[uainted with no method by whic!i wc can com- 
pletely, separate and determine with accuracy all the lead 
contained in an ore, metallurgical product, refuse, product of 
the arts, etc., by a docimastic * assay. 

The best methods of assaying in the dry way g^ve the 
amount of lead with some uncertainty, and always too low, 
so that the figure of the result obtained must be increased by 
from yj-s to ■y'^^j, in order to approximate as closely as possi- 
ble to the real value. For example ; if a successful lead assay, 
the results of which are confirmed upon repetition, gives 40 or 
50 per cent, of lead, then the true lead contents of the sample 
will generally amount to 44 or 55 per cent, or more. The 
poorer the substance to be assayed is, the moi-e proportion- 
ally does this loss of lead appear to increase. Since, how- 
eve a 8 e cl eck upon th s nlenor j Id s want ng in iso- 
lated a a^a an all t on to the res Itfounl s ne e made in 
assays ntend d for m n ng an 1 metall T" eal i urposes, but 
the amo nt of 1 a 1 (generally only e ghe 1 t to the near- 
est e t re per cent ) s given xactly as t as found 

The maceuraoy of the dry lead assay has its causes 

1. Jn the volatility of the lead. 

2. In the presence of substances which alloy with the lead. 
Gold and silver go almost entirely into the lead : tiieir weight 

* Bodmastic, derived from the Greek Jjupifcii', to see wliellier sometliiiig 
iB genuine or pure, to teat, lo prove. 
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18 ASSAY OF LEAD. 

is to be determined, and subtracted from that of the lead 
regulus obtained whenever it amounts to one per cent, or 
over. Copper is reduced in part, and contaminates the lead 
the more, the less sulphur there is present. The presence of 
sulphur tends to retain it in the slag. With one to fl\e per 
cent, of copiier in galena, the copper goes almost entirely 
into the slag. The amount of copper in the lead button can 
be determined by the method for the refining of copper, only 
with very great inaccuracy. Zinc remains in the lead in part, 
especially with poor, very zinciferous ores. Arsenic combines 
with the lead, and by forming a sulphur salt (PbS, Cu, S.) 
As. 8., occiBions a slagging of the lead, and although iron has 
a stiooger aflSnity for arsenic than lead has, still this sulphur 
salt U not completely decomposed by iron. Arsenical ores 
are advantageously roasted beforehand, or in the absence of 
sulphur moderately heated in a covered crucible in the muffle, 
which drives off the arsenic in fumes. Antimony goes partly 
into the lead button ; but partly into the slag, if the simul- 
taneous presence of sulphur favors the formation of a sulphur 
salt. The easy fusibility of the compounds of antimony ren- 
ders in genei'al a pai'tial removal of the antimony by roastinp- 
a difficult matter so that, in the difficult separation of anti- 
mony from lead, the wet way alone yields accui-ate results, 
Although in this case the carbonate of potassa assay of the 
Hartz is better than the Freiberg assay with black flux anu 
iron, still the former leaves much to be desired. 

3 I ti e presence of substances which by the formation 
cf sulphir salts dispose the lead to slag, as antimony and 

If the s bstanoes designated under 2 and 3 occur at the 
same tin e n the lead ore, the dry way can then be no longer 
used; e.g. with bournonite, with mixtures of galena and 
fable rz. 

In spite of this inaccuracy, however, the better methods 
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ASSAY OF LEAD. 19 

are in by far the majority of cases suiBcient to determine ihe 
value of an ore, or to control the melalluigical work, since 
the results of tlie assays remain nearly uniform though only 
ap|.iroximate. 

With the pai-tial help of the wet way, a somewhat more cA<r- 
rect result can sometimes be obtained, or au assay of lead 
becomes possible when the pure dry way ceases to be mea 
approximately tnistworthy. A docimastic assay entirely in 
the wet way, snch as we have for copper, has not yet been 
discovered for lead. The volumetric method also gives only 
■ndth pure substances, results which are in some degree satis- 
factory. In this assay, the metal obtained is not directly 
weighed, but its amonnt is calculated from the result of a de- 
composition, and a quantity of incompatible ingredients may 
therefore be present, which will render the result incorrect, 
without giving any indications of it. 

Classijicaiion of Lead Assays, 
The choice of an assay method for a plumbiferous substance, 
is governed mostly by the quality and quantity of the foreign* 
bodies occurring with it. It is the rule in this, to confoi-m the 
assay as much as possible to the existing local smelting pro- 
cess. The assay methods in genei'al, may be subdivided as fol 



I. — OKES AXD MEl'ALI.URrtlCAT. pr.ODDCTS, &C., WHICH ( 

THE LEAD COMBINED WITH SULPHUR (OB SELENIUM). 

^..9. galena, PbS. with 86.57 Ph. lead matte, selenid of lead, 
furnace deposits, t&c. 

A. Ores, &e., containing a small amount of foreign itd- 
phids, but on the other hand a greater or less quantity of 
earthy substances, e.g. eailhy g^ilena or galena slicks. 

1, Fusion with carbonate of potassa {Oberharz). 

2. Fusion with black flux, or carbonate of potassa and floui 
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( Yictor-l'hsderich smelting works in the Harz, JTohappel, 

3. Fusion with black Auk (carbonate of potaasa and floiii", 
or carbonate of potaesa and coal dust*), and iron (Freiberg, 
PrzHyram^ TamowUz y methods at English and French smelt- 
ing works). 

4. Futiion, with reducing and fusing agents in wrought iron 
crucibles (methods at English and Belgian smelting works, 
at Stolberg near Aachen, at Mamsheck, &c.). 

B. Ores, &c., containing a considerable amount of foreign 
metoBic sulphids (zinc blende, iron pyrites, coppur pyrites, 
&c.) or antimonida and araenids, with more or less earthy 
substances. 

1. Roasting and subsequent fusion with reducing agents 
and fluxes (method at the Communion- Uhterharze). 

2, Decomposition with sulphuric acid, and fusion of the 
sulphate of lead formed with reducing and desulphurizing 
agents. 

C Poor plumbiferous substances containing a consider- 
able amoinit of earthy mattei's, e. g. the waste of preparatory 
processes, tailings, etc. 

1. Smelting with desnlphuiizing agents and fluxes, and 
with a weighed quantity of silver. 

2. Hivofs method of fusion with powerful eolyent agents 
and iron. 

3. Indirect method by calculation. 

II. — OXYDIZED ORES AND FEODUCTS. 

A. The oxyd of lead is combined with fixed mineral acids 
(sulphnric acid, chromic acid, phosphoric acid, arsenic acid, 
etc.) e, g. in anglesitc, pyromorphitc, wulfenite, etc. 

1, Fusion with reducing agents (black flux, or carbonate 

* Throughout tliis work tlie term "coal dust" ia uged sjnonjroouBly with 
poadered ihaTCoat, 
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of potaeea and flour, or carbonate of potassa and coal dost), 
€, g. pliosphate, molybdate and chlorid of lead, etc. 

2. Fusion with reducing agents and iron, e. g. sulphate, 
arsenate and arsenite of lead, etc. 

B. The oxyd of lead is free, or combined with silicic acid, 
carbonic acid, or an organic acid. 

1. Fusion with reducing agents (black flux or carbonate of 
potaasa and flour, or carbonate of potassa and coal dust, etc.) 
e. g. litbarge, lead skimmings, cerusite, etc. 

2. Fusion with reducing and solvent agents (borax, glass, 
etc.) e, g. furnace hearths, lead slag, etc. 

in.— ALLOTS OF LEAD. 

Assay with sulphuric acid. 

Sectioit I. 

MAKiGEMBNT OP THE ASSAY FOB ORES AND MKrALLUKGlCAL 
PRODUOrS WHICH CONTAIIT THE LEAD COMBINT;d WfTH STJI.- 

PHTB (or seleniitm). 

A. Ores and metallurgical products which contain a small 
amoimt of foreign eulphids, with a greater or less quantity 
of earthy ingredients. 

1. Fusion with carbonate of potassa. At the Oberharz 
emelting house, one centner of the very finely rubbed and 
pulverized assay substance is weighed out, mixed with three 
to four times its weight of pure, dry, and finely pulverized 
carbonate of potassa, and covei'ed over, in a small clay cru- 
cible (Fig. \5,a) with a layer of decrepitated chloiid of sodium 
aboat one-fourth of an inch thick. The assays thus prepared 
are placed in the thoroughly heated muffie of a large assay 
furnace (Figs. 1, 2) having a strong draft. They remain in the 
highest temperature of the furnace, with the mouth of the 
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muffle closed with glowing coals, till they Iiavc come into 
perfect fusion (about twenty to thirty minutes). The draft 
opening is then closed, and at the same time the mnffle 
opened, until the temperature has fallen so far that the cru- 
cibles appear brownish-red, and the lead vapors above them 
have greatly diminished, or have disappeared. At this heat 
the crucibles, whose contents must, however, always remain 
in perfect fusion, ai'e maintained, according to the fusibility 
and composition of the assay sample, and the draft of the 
furnace, for a longer or shorter time (ten to twenty-five, 
generally ten minutes). Tliis period, during which the heat 
is allowed to remain low, is called the cooling of the assay. 

The furnace is now again brought back to ite first tem- 
perature, by completely opening the draft and closing the 
muffle. Ten to fifteen minutes of this last heating are in 
most cases sufficient. Only poor ores, etc., which contain 
also a pretty large quantity of arsenic, or of the sulphids of 
iron, zinc, and copper, are allowed to continue hot five to 
ten minutes longer. 

If one has many assays to make, it will be found advanta- 
geous to mix those which contain larger quantities of foreign 
sulphids, or, by reason of their earthy contents, are diffi- 
cultly fusible, with more or less borax, or, instead of this, to 
place them in the back and hotter part of the muf&e, while 
those that are very rich in lead and easily ftisible, are placed 
in front, since the latter will be hot enough here, and more 
easily reached by the air than those deeper in the muffle. 

The crucibles, when cold, are broken, the lead buttons 
obtained are freed from all adhering slag or substance of the 
crucible, and if the assay were otherwise successful, their 
weight determined. The assays should not be too rapidly 
cooled, because the slag is thus easily cracked, and the still 
half-fluid button lying below is apt to be broken Into several 
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In a siiccesefnl assay, the lead is melted togetlier to a but- 
ton, depoits itself nnder the hammer and kjiife like pure 
lead, and posaessea also its color. If the slag shows, upon its 
surface of separation from the m'etallic button, lead gray 
spots with metallic lustre, it will generally also be found that 
a thin layer of not completely decomposed glistening snlphid 
or subsulphid of lead has at the same time deposited itself 
upon the button. This layer, if the above appearance pre- 
sents itself in a high degree, can be rubbed off or removed in 
fine scales. The lead button itself then shows upon its sur- 
face a high metallic lustre, which does not have the color of 
pure lead, but a darker and blackish hue. Assays of this 
kind are to be rejected ; they have not been allowed to 
remain " cool " long enough, or they have in the process 
become too cold ; they give the amount of lead too low, aud 
often very considerably so. In assays, which have stood too 
long in the furnace in the last fusing heat, a veiy bright but- 
ton of lead is also found ; but here the layer of undecom- 
posed sulphid of lead is wanting, as also the glistening spots 
on the surface of the slag surrounding the button. If the 
influence of the heat and air continues too long, then besides 
a loss through volatilization of the lead, a slagging of the 
oxyd of lead may take place. A button that is brittle, lami- 
nated, and brilliantly white in the fracture, indicates an 
insufficiency of flux, or the presence of antimony and arsenic. 
In successful assays the lead button generally has a bluish 
appearance, which, although not dull, is at the same time not 
strongly brilliant. The slag must be completely homogene- 
ous, and must have settled down uniformly towards the bot- 
tom of the crucible, so that it does not stick in a thick layer 
to the upper part of tlic sides of the crucible. It shows by 
this that it has been in proper fusion. It must have covered 
over the button in a thick layer {about one-fourth of an inch 
thick). The chlorid of sodium covering, or a. more or less 
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colorless slagtliat is funned, containing chlond of sodium and 
carbonate of potassa, overlies m a still thicker layer the true 
dark-colored siag containing the foreign metallic oxides. A 
porous slag containing liietallio globules indicates a small 
quantity of flux or too low a temperature ; a brilliant vitreous 
slag, too high a temperature and a slagging of lead, Ai 
assay and its duplicate must, moreover, give equal results. 

Ziead matte and lecid/ume are smelted, with the addition 
of borax and coal-dust, with carbonate of potassa, and with 
the first the heat is allowed to last somewhat longer (perhaps 
to three-quarters of an hour) than with ores. The carbonate 
of potassa assay gives for lead matte, with its not inconside- 
rable lead contents (thirty per cent, and over) pretty satisfac- 
tory results. Generally the matte is roasted and assayed 
according to the method described on page 36. 

The theory of this lead assay may appear from the follow 
ing. 

If perfectly pure, galena is intimately mixed with three or 
four times its weight of good dry carbonate of potassa, placed 
in a clay retort, and this so arranged in the muffle of the 
assay furnace that its neck projects from the mouth of the 
muffle, while in the opening of the neck a glass tube is 
closely fitted, which goes into a receiver, from which it is fur- 
ther prolonged in a second tube, it wilt be observed that at 
first only a little water collects in the receiver, proceeding 
from the smalt quantity of moisture always present in the 
carbonate of potassa. Later, with an incipient red heat in 
the retoi-t, a gas is disengaged, which upon closer investiga- 
tion proves to be pui'C carbonic acid gas, i. e. free from sul- 
phurous acid (means of proof :■ — absence of odor ; conducting 
of the gas through a solution of mangnnate of potassa, red- 
dened by sulphuric acid; through time and baryta water, 
and through a solution of caustic potassa, and further exami- 
nation of the solution of salts obtained). The disengagement 
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of gas becomes more active with a stronger rod heat, without 
yielding gases of different composition, but ceases again after 
awhile. In order to obtain assui-ance of a comjilete decom- 
position, the retort may bo kept for an hour at a very strong 
red heat. After the cooling and breaking of the retort some 
pure oxyd and carbonate of lead is found deposited in the 
neck of it, then a pure lead button upon the bottom, and 
over this a brown slag, free from little globules of lead. It 
consists in by far the greatest part of sulphid of potassium 
and still undecompoaod carbonate of potasaa, but also in small 
part of silicate of potassa derived from the silica of the 
retort. If tliis slag is treated with water till nothing further 
will dissolve, the substances named can be easily shown to 
exist in the solution. The solution is colorless, and when 
supersaturated with acids disengages sulphuretted hydrogen, 
but throws down no sulphur. In the treatment of the slag 
with water, salphid of lead I'emains behind in black flocks, 
even the exterior character of which shows that it is not 
iindecomposed galena, but sulphid of lead separated from a 
chemical combination. 

If the brown sliig from the retoi-t is placed in a small unco- 
vered crucible and brought back into the hot muffle of the 
assay fumaee and melted, then after some time, whether the 
slag was covered with cblorid of sodium or not, a button of 
lead again separates at the bottom of tlie crucible, and the 
brown slag now shows itself decoloiized. If the crucible is 
removed from the furnace too soon, only the tipper layer of 
slag is decolorJKed, and that lying below is still completely 
unchanged. The decolorized slag consists of carbonate and 
sulphate of potassa, and no longer contains any trace of sul- 
phid of potassium. 

In the above described lead assay, the process now in the 
strong initial heat proceeds as in the retort, i. e. the potassa of 
the carbonate of potassa is reduced to potassium, while it 
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yields its oxygen to the sulphur of the galena and with it 
forms Biilphurie acid ; the liberated potassium takes up sul- 
phur from anotherportion of galena, forming sulphid of potas- 
sium. The galena would now in this double way soon lose 
all its sulphur, if a combination— a suiphur salt — of sulphid of 
potassium with siilphid of lead did not form, which I'esists all 
further action of the carbonate of potasea [4 {KO, C0,) + 
r PbS=4Pb+3 (KS, PbS) + KO, SO3+4 CO,]. The carbonic 
acid of the thus decomposed carbonate of potassa escapes 
together with that set free by the sulphuric acid foraned, and 
causes a puffing up of the mass, by which globules of lead 
already separated are raised up with it, and may perhaps 
remain with some of tbe slag sticking to the uppei- crucible 
walla. They would here oxydize and produce yellow spots. 
The covering of chlorid of sodium is designed to guard against 
loss of lead in this and similar ways. It sei-ves in a certain 
manner to rinse down the sides of the crucible. 

The atmospheric oxygen, in the open crucible, is not entirely 
excluded by the covering of ehloi-id of sodium. In the " cool- 
ing" of the assay, it oxydizcs the sulpliursalt contained in the 
upper part of the slag, forming sulphate of potassa and 3 per- 
tion of sulphate of lead. The latter, during the last high 
heat, decomposes the sulphid of lead still remaining in the 
slag, in such a way as to produce metallic lead. (PbS+PbO, 
SO3 ^ 2 Pb + 2 SO .) The reduced particles of lead separate 
well from the slag thus rendered thinly fluid. Mattes must 
be allowed (o " cool" longer than ores. 

The carbonate of potassa assay presupposes in general great 
practice, and close attention on the part of the assayer ; and 
moreover, if one wishes to find the connect value at once, 
without fruitless preliminary examinations, and without the 
necessity of repeating the assay, a general knowledge of the 
constituents of the assay sample, so far, for example, as this 
can be obtained by the aid of mineralogy, is necessary. The 
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assay after this method, which requires but little preparation, 
can only be conducted in the muffle furnace, but then in pretty 
large number (as many as fifty at once). For its success it is 
indiapensably necessary that the " cooling" of the assay be 
undertaken and stopped again at the right time and in the 
proper degree. If it is allowed to " cool" too long, too much 
sulphate of lead is formed in proportion to the sulphid of lead 
still present in the slag, and in the last heating up, by the 
action of the two upon each other, easily scorifiabJe oxyd of 
lead is produced. {PbS+3 PbO, SO^ = 4 PbO + i SO;.) If 
the "cooling" is too soon inteiTupted, only a small part oftha 
sulphid of lead in the sulphur salt is oxydized, and by the 
action of the oxydized portion upon the sulphid of lead, sab- 
sulphid of lead is produced, which either remains in the slag 
ov settles upon the lead button. {2PbS+PbO,S03^Pb.j84- 
Pb+2 SOi.) Experience gives the only means at hand to 
guide us here, but leaves us easily in the lurch, so that the 
resuU of the assay becomes more doubtful than in some of the 
methods hereafter described. 

With substances containing antimony this assay deserves 
the preference over the others, since most of the antimony 
remains in the slag in the state of sulphid and oxyd. An addi- 
tion of saltpetre woi-ks advantageously. Arsenic and sulphid 
of arsenic mostly go off in fumes during the smelting, but 
nevertheless always cause the forming of a brittle metalHo 
button. Sulphid of copper remains in great part in the slag, 
but a part of the copper is desulphurized and goes into the 
lead. If the quantity of copper present is very considerable, 
the button of metal may be considered as black copper, and 
refined, and the loss thereby occurHng, reckoned as lead, 

J^otosulphid of iron, which occurs, for example, in lead 
matte, is decomposed by carbonate of potassa, forming me- 
tallic iron, which desulphurizes the galena. Iron pyrites, on 
the other hand, occasions the forming of a large quantity of 
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sulpbid of potassium, and in consequence of tliia, of a sulphur 
salt. 

It follows, therefore, from the above, that ores, which con- 
tain mnch foreign sulphida, ai-e uot suited to this method of 
assaying, since they cause the production of a largo amount 
of sulphid of potassium, which always retains sulphid oflead. 
By !in addition of saltpetre to the carbonate of potassa, these 
Buiphids may, indeed, be partially decomposed; only an 
oxydation of the lead is apt to be produced, as well as a me- 
chanical loss by the violent working of the saltpetre. 

Bredberg has, in his comparative investigations of the dif- 
ferent metliodB of assaying lead, pronounced the smelting of 
the raw ore with carbonate of potassa and chlorid of sodium, 
to bo the most inapplicable of all. He cannot, however, have 
understood the theoiy of this method, since he melted his 
assays in the crucible furoace, and, therefore, iciihout access 
of air, and that in his investigations he mast, therefore, have 
found the quantity of lead much too small, is perfectly evi- 
dent fi'om the above. Thus his opinion in relation to this 
method must have proved erroneous, and this may be men- 
tioned here for the reason that many a verdict against this 
method of assaying, has originated in the same, or a similar 
mistake. 

From pure galena, by the carbonate of potassa assay, eighty 
per cent, of lead at most can be obtained. Calcined carbonate 
ofaoda is inferior to carbonate of potassa as a desulphurizing 
agent, and always yields a few per cent, less lead than the 
latter. According to Phillips^ seventy-five to seventy-seven 
per cent, of lead are obtained from galena with carbonate of 
soda. With cyanid of potas&iumtx-aA&v certain circumstances, 
the same resnit can be obtained as «ith carbonate of potassa, 
and it does not require so high nor so long continued a tern 
perature ; still it offers no real advantage over carbonate of 
potassa. An addition of thirty to thirty-five per cent, of 
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saltpetre to sin assay, with which ten parts of carbonate of 
soda are used, piomotea, indeed, the desulphurizing of tho lead, 
but also increases the loss of lead. 

At the Oierharz smelting house, the lead button is weighed 
out to pounds, and a difference of five pounds is allowed be. 
tween difierent assayers. It is also a custom, though not a 
correct one, to allow as many pounds' difference as there are 
tens of pounds in the weight of the lead button obtained. 
Thns, with a lead contents of thirty and seventy pounds, the 
difference in the separate assays might amount to three and 
Beven pounds respectively. 

3. Fusion with black flux. 
A modification of the preceding method of assaying, -which 
is souietimee employed, consists in using, instead of the car- 
bonate of potasea, an equal quantity of black flux, or indeed 
of argol, or in mixing a few per cent, of powdered charcoal or 
flour with the carbonate of potassa, or in replacing it in part by 
argol. Too great an addition of carbon diminishes the 
fusibility of the mass, and hinders the flowing together of 
the separated particles of lead. By using argol the opera- 
tion lasts longer, because the mass remains pasty until most 
of the tartaric acid has been decomposed: but a greater 
product of lead is obtained. The chemical reaction during 
the operation is thereby modified so that the carbon of the 
black flux exerts an influence upon the potassa, and partially 
reduces it to potassium ; the potassium, thus set fcee, works 
now as before upon the galena. The latter ia thus without 
the influence of the air more completely decomposed than by 
carbonate of potassa alone, and the smelting is, therefore, con 
ducted in covered crucibles (Fig. 16) in the wind furnace 
But since here also sulphid of potassium is formed, and this 
dissolves sulpbid of lead, it is more advisable for the com- 
e separation of the lead, to perform the smelting 
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in open crucibles (Fig, 15 a and 16) in the muffle, in order to 
allow the atmospheric oxygen to work at iJie same time on the 
assay. The product of lead from pure galena does not gene- 
rally exceed seventy-six to seventy-nine per cent. 

At the Victiyr-Frederick smelting works in tha Harz, one 
centner — one hundred and foai'teen pounds of galena is mixed 
with three or four times as much black flux, and with pjriti- 
ferous ores ten pounds of borax-glass ar^ added. The mix- 
ture is covered with chlorid of sodium, heated for about 
twenty-five minutes in the muffle furnace with a charcoal fire, 
and then, after the mouth of the muffle has been opened for 
about five minutes, taken out of the furnace. 

S. Fusion with metallic iron and carbonate of potassa or 
soda, or hlack flux. 
Of poor lead ores an assay centner is placed in the bottom 
of a crucible (Fig. 16), upon this, according to the richness 
of the ore in lead, ten to thirty pounds of thick iron wire, 
above this, about three centner of black flux (prepared with 
two and a half parts of argol and one of saltpetre), or two to 
two and a half centner of a mixture of carbonate of potassa 
and wheat or rye flour {in the ratio of 100 KO, CO^ to fifteen 
to twenty of flour), and over all a covering of chlorid of so- 
diam, upon which a small piece of charcoal is laid. If the 
ore contains basic gang or much quartz, borax (up to forty 
per cent.) is also added : Barytes and fluor spar fuse without 
it. Ores which contain larger quantities of metallic sulphids 
or arsenids (iron pyrites, copper pyrites, mispicfeel, blende, 
etc.) ai"e at first moderately roasted on a roasting dish (Fig, 
13) that has been rubbed with rouge or chalk, or else mode- 
rfitely heated in a covered crucible, then mixed as above, 
with the addition of some borax and less iron. If much borax 
(twenty-five to forty per cent.) is required, it is placed, on 
account of the puffing up, on the top of the black flux, with 



.lec.y Google 



ASSAY OF LEAD. 31 

a smaller portion of borax (ten to fifteen per cent.) imme- 
diately on the ore. The smelting takes place either in the 
■wind furnace or in the muffle. In the first case the crucible 
provided with a cover is set up on a piece of fire-brick, coal 
is placed around and above it, and the fire is kindled wpon 
the top. After the fire has gone down (after three-fourths to 
five-fourths of an hour) the assay is taken out. If a muffle 
fnrnace is used, glo,wing coals are laid before the crucibles, 
abont as high as their middle, and the assays are smelted for 
about half an hour after the " flaming " has ceased, at a 
strong red heat. The lead, buttons freed from slag, and as 
much as possible from iron, are, in ordei- to remove adhering 
snlphid of iron, thinly flattened out, then rolled together and 
weighed. 

These assays are executed in the preceding manner at 
Freiba-g. They ai"e weighed out to within one poimd, and 
the contents stated for every five pounds through all grades 
of richness.* 

At Przibram, with ores containing galena, one-i.ilf an assay 
centner (five grammes) is mixed with one hundred and fifteen 
to one hundred and twenty pounds black flux (two argol and 
one saltpetre), ten to twelve pounds borax, nnd eighteen to 
twenty pounds iron wire. With blendy ores, to one-half 
centner of ore, two hundred pounds black flux, ten to twelve 
pounds borax, and twenty to twenty-five pounds iron wire 
are taken. Two to three per cent, of saltpetre are mixed 
with the chlorid of sodium that serves as a covering, in order 
to render it more easily fusible, and to retain the lead that 
would otherwise volatilize by oxydizing it. 

This method of assaying depends upon the fact that galena, 
in the smelting with metallic iron, yields the whole of its 

* i. e, quantities lesa tlian fiye pounds are not stated m the resulla; thus, 
if the actual result was sixty-seven pounds it is staled as aistj-fivo, if it was 
sisty-oigbt pounds It is stated as seTentj, and so on. 
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sulphur to the ii'on, wliile metallic lead is formed, and a mix- 
ture of different sulphide of iron (FeS, and Fej S) is produced, 
one hundred parts of galena, whieh contain 13.45 sulphui 
and 86.55 lead, require for their complete decom position, upon 
the supposition that only the protosulphid FeS, which con- 
sists of 37.23 sulphnr and 62.77 iron, is formed, 22.67 parts 
metallic iron. The prescribed addition of iron then remains 
fully sufficient, even when it is also taken into consideration 
that a part of the iron is claimed by foreign substances con- 
tained in the assay sample, namely by pyrites, areeaic, sul- 
phid of antimony, etc. 

The lead in this assay, if it is not exposed to an unneces- 
sarily strong heat, does not indeed alloy with the iron : still 
the iron should not be used in the shape of filings, since then 
the assayer would expose himself to the danger of a meciiani- 
cal contamination of the lead button by finely divided iron ; 
moreover, because small globules of lead might be retained 
in the slag thus rendered more difficultly fusible by too l.irge 
an addition of finely divided iron. By using iron wire, what 
iron is not consumed by the assay is found still hanging toge- 
ther in a single piece, . 

The alkaline carbonate of the black flux, although here 
specially brought into use only to form a slag, facilitates also 
the decomposition of the galena, since it works upon it in the 
manner already discussed. The snlphid of potassium hereby 
produced does not require to be decomposed by the atmo- 
spheric oxygen, that it may yield again the sulphid of lead 
dissolved by it, since this sulphid of lead also is decomposed 
by the iron. This lead assay can therefore be also conducted 
in covered crucibles in the crucible furnace, since the gases 
disengaged at first easily find an outlet through the light Itit^ 
ing of the cover. 

By using black flux its coal works likewise in the way 
already stated ; bnt the liberated potassium is apt to conta- 
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minate to some extent the lead obtained by the sissay. The 
carbon of the black flux hinders the oxydaiion of the lead. 

The assay is to be toasidered as successful if duplicates 
agree, and the lead has flowed together to a single button, 
and small globules of lead do not, as is the case with too low 
or too short a heat, stick either in the matte surrounding the 
lead button (sulphid of iron, and other existing and not 
decomposed salphids or arsenids contained in the assay sam- 
ple), or to the iron wire remaining behind, and moreover the 
slag shows that it has been in sufficiently thin fusion. 

This method of assaying yields a few (up to 8) per cent, 
more lead than the carbonate of potissa assay, because the 
amount of lead retained in the slag, in the sulphurated or 
oxydized state, is diminished by the presence of the iron and 
the carbon. From galena with 86.5 per cent, of lead, 84.85 
per cent, are obtained ; nevertheless, with impure ores the loss 
of lead may rise to 10 per cent, or more. The care of the 
fire, whether one works in the wind furnace or the muffle fur- 
nace, is Tery simple, and a failure of the assay, even by com- 
plete ignorance of the constituents of the assay sample, is far 
more rare than in the carbonate of potassa assay. This assay 
has moreover the advantage that it can be conducted in either 
the wind or the mufile furnace, but on account of the greater 
capacity of the smelting crucible, so many assays cannot be 
placed in the furnace at a time as in the carbonate of potassa 
assay. 

As drawbacks to this assay we may notice especially, that 
a lead button containing potassium is apt to be obtained, that 
little globules of h-ad are apt to remain sticking to the iron 
wire, and if the assay sample contains antimony, arsenic, and 
copper, these metals are -mostly reduced by the iron, and 
brought into the lead button. At Freiberg ores containing 
antimony Me at once smelted with black flux and coal, with- 
out iron, to an antimonial lead button, and an empirical oor- 
2* 
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rection of 10-T5 per cent, is then subtraoted, Witb zincki- 
ferous ores, if they are partially roasted beforehand, or are 
iurnished with a large addition of black flux and some borax, 
this method gives satisfactory results. 

The following modifications of this method are found in 
different countries. 

1. One modification, which is not, however, to be recom- 
mended, consists in adding oxyd of iron, perhaps forge scales, 
instead of metallic iron. In this case black flux is always 
chosen as the flux. Its carbon reduces the oxyd of iron, 
which then works as above. To this modification, however 
applies precisely what was said against the use of iron filings 
(page 32), and it may also occasion errora in another way ; 
since if too small a quantity of forge scales is used, and the ac- 
cess of airprevented, all tliesulphidof lead is not decomposed. 

2. Galena is smelted with thirty per cent, of iron (small 
nails, pieces of iron wire, etc.) with a covering of carbonate 
of soda, chioiid of sodium or borax, at a strong I'ed heat, and 
by this are obtained, according to Phillips, as high as seventy- 
eight per cent., according to Serthier seventy-two to seventy- 
nine per cent, of lead, 

3. The Fi'ench assayers use, for the decomposing of the 
galena, carbonate of soda, saltpetre, borax, and iron, which 
last, in the shape of a horse-shoe of plate iron, is moved about 
in the melted mass until no nioi'e globules of lead attach 
themselves to it {litvofs method). From pure galena eighty- 
two to eighty-four per cent, of iead are obtained. 

4. Ooermann recommends the smelting of one part galeu? 
with one part saltpetre, two parts argol, some carbonate of 
soda, and one-fifth of the weight of the ore, in iron filing", 
with a chlorid of sodium co^eling, in a coppei' crucible, by 
which generally only five per cent., rarely over ten per cent, 
loss of lead occurs. The chlorine in the chlorid of sodium 
juds in the slagging of the ii'on, copper, etc. 
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4. Fusion, with reducing agents and Jlvaies, in wrought 
iron crucibles. 

Upon the bottom of a wrought iron crucible, perhaps 
three inches high and 2-2| inches in wide, which is brought 
beforehand to a red heat, are placed twelve to twenty-five 
grammes (4-8 centner) .flux (carhonate of potassa or soda, or 
two saltpetre, three argol, and one borax), and upon this 
twenty-five to fifty gi'animes (8-16 assay centner and more) 
of the assay substance, which is covered over with a layer 
of powdered glass or common salt, and exposed in covered 
crucibles, to perhaps a quarter of an hour's strong heat, with 
charcoal or coke in the wind furnace. When complete fusion. 
has ensued, the contents of tlio ci'ucible are poured out in a 
pouring plate, or into a conical mould with the precaution to 
have the slag remain behind in the crucible as much as possi- 
ble, which is promoted by holding a chip or splinter of wood 
befoi'e it. "The slag is again smelted ten to fifteen minutes 
with carbonate of potassa; then the mass is poured out and 
the crucible used again, — sometimes as many as twelve or 
fifteen times. 

This management gives, especially by using larger quanti- 
ties of the assay substance, good results in the product of lead 
(as high as eighty-four per cent, from pure galena), and the 
expense in time, but not many assays can be conducted simul- 
taneously. 

B. Ores and metallurgical products which contain a COtir- 
sideraNe quantity/ of foreign su^j/iids (sine blende, iron py- 
rites, co^er pyrites, Sc), or arsenids and antimonids (mis- 
vickd, boumonite, &c.), and a greater or less amount of 
earths. 

General remarks. 

For substances of this kind (for example poor lead matte) 
the methods of assayhig described under A. are not suitable; 
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because, on the one hand, the assay is rendered much more 
difficultly fusible by the sulphids present, and requires a higher 
and more prolonged temperature, in order that the small 
quantity of lead separated may flow well together into a but- 
ton ; ajid on the other hand, the afiinity of the sulphid of lead 
and the sulphid of potassium formed for these salphids, hin- 
ders the decomposition of tlie first, and this is the more sensi- 
bly the case, the moi-e predominantly the latter are present. 
By an addition of iion, the remnant of sulphid of lead might 
be decomposed, but this would alw partially decompose 
the other sulphids, and their radicals ■would go into the 

For substances of this character, only the roasting assay, 
and the assay with sulphuric acid are suitable. 

1. Moaating and reducing assay. 

This method is in use, among other places, at the Commu- 
nion- Uhterharz smelting works, where ores are smelted ihat 
contain sulphids (copper pyrites, iron pyiites, zinc blende, &e,), 
antimonids, arsenids, and earths (barytes, quartz, calc spar, 
clay slate) in such large quantity, that in the large way, the 
ore already roasted three times, only contains six to eight per 
cent of load. 

Two assay centner of ore, matte, <fec., are heated at first at 
a low red heat in the muffle, on a roasting dish that has been 
pie^iously rubbed with phalk. After ten to fifteen minutes, 
they are taken out of the furnace, then again roasted at a 
moderate tempei'afcure for ten or fifteen, minutes with frequent 
turning of the dish. The assay is then once more taken from 
the furnace, allowed to cool, rubbed up in an agate mortar 
and agTin loasted for half an hour, whereupon it is taken out 
of the furnace ; tallow is added while it yet glows, and it is 
again brought to a strong red heat. The rubbing up and cal- 
cmmg wrth tallow, is repeated several times more, and when 
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afterwards the assays shall have been exposed for two hours 
continuoualy to a strong red heat, with the mouth of the 
muffle almost entirely closefi, if no moie sulphurons acid 
vapors escape, the roasting is considered as finished. Thia 
ksts six to twelve hours. The roasted sample is then por- 
tioned out with the balance, each portion mixed with three or 
four parts of black flux and an equal quantity of borax and glass, 
placed in a small crucible (Fig. 16 or 17) covered with chlovid 
of sodium, furnished H-ith a little piece of coal and a cover, 
and smelted in the wind furnace, for about a quarter of an 
hour after the fire is well ignited. Assays that have worked 
well ^ve neai'ly equal malleable buttons that do not contain 
matte, and a black uniformly fused slag. 

The purpose of the roasting is to convei't the metallic sul- 
phids, arsenids, and antimonids into oxjds. But since in the 
process, sulphates, antimonatcs and arsenates are pi-oduced, 
ve seek to destroy these by repeated calcining with tallow 
(see above), instead of an intermixture of coal-dust or flour. 
By melting the roasted assay with its charge at not too high 
A temperatuno, the oxyd of lead is reduced, and the foreign 
oxyds and earths contained in the sample are, by the aid of 
the potassa in the black flux, as well as of the borax and 
glass, slagged off. If sulphates or sulphids should have still 
remained behind inthe roasted ore, they will yet in the smelt- 
ing he pai'tially desulphurized by the working of the oxyds, 
especially of the oxyd of iron. An* addition of metallic iron 
would in this connection be advantageous. 

The roasting is a time consuming process, and one which 
causes not an unimportant loss of lead. If it is not done 
thoroughly, then, in the reduction smelting, sulphur salts are 
formed, which alnavs retain lead, as also a plumbiferous 
matte, which surrounds the lead button. By the use of too 
high a temperature in the smelting, a great part of the foreign 
oxyds is reduced, and the lead becomes coiitaminat-ed. This 
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reduction, howei'er, cannot be entirely avoided, even with a 
rightly conducted temperature. 

Galena melts indeed less easily if the air is excluded, than 
metallic lead ; but is much more volatile than the latter, and 
is decomposed by fusion into a higher sulphid which is volar 
tile and a lower one (Pb, S) which remains as a rcidue 
By roasting, galena gives a mixture of oxyd and sulphate of 
lead, from which last the sulphuric acid tannot be separated, 
even at a fusing temperature. Sulphate of lead become" «oft 
by heat, fuses at a bright white heat, and h tonverted by 
carbon, with a considerable loss of lead through \oUti!izi 
tion, into oxyd of lead, metallic lead, or subsulphid of lead, 
according to the quantity of carbon used and the temper'* 
ture employed. With oxyd of lead, the sulphate eisily fuses 
together. 

2. Assay with sulphuric add. 
The assay sample is rubbed as fine as possible. A suitable 
quantity of it — two or more assay centner, in then weighed 
out for an assay, and boiled with four to eight tames its 
weight of oil of vitriol until all is decomposed. All excess 
of sulphuric acid is then evaporated in a porcelain capsule, 
under a flue with a good draft, and the mass carried to dry- 
ness. Boiling sulphuric acid decomposes the sulpliids, chang- 
ing iron, copper, nickel, zinc, &c., into salts which dissolve 
readily in water, and alsff at the same time changing the sul- 
phid of lead into sulphate, which in water, especially in water 
olint is cold, and also contains free sulphuric acid, ia as good 
as insoluble. The decomposition of the ore is in generid 
accelerated by first heating it with nitric acid or aqua regia, 
and then, with the addition of sulphuric acid, evaporating to 
dryness. The dry mass, when cold, is moistened with a small 
quantity of sulphuric acid, and with cold water, by the aid 
of a small brush, is brought without loss upon a small filter, 
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and washed with cold water until the filtrate ia colorless. 
Unnecessary prolonging of the washing is to be avoided, for 
sulphate of lead is not absolutely insoluble. The filter, with 
its contents, is dried in the funnel, until it can be easily 
taken out of it without tearing. It is now laid immediately 
into the clay crucible, in which the sulphate of lead is after- 
wards to be reduced, and this is placed in a very gentle stove 
warmth. (Some carbonate of potassa may be fii'st poui-ed 
into the bottom of the crucible.) When completely diy, the 
crudble, with the cover laid over it, is very gently heated, 
80 that the filter cai'bonizes, which very soon happens, as the 
free sulphuric acid is not completely soalsed out. The filter ia 
now stirred np with a little rod, black flux, or carbonate of 
potassa with coal-dust and iron are introduced into the cruci- 
bJe, and intimately mixed with the sulphate of lead and the 
rest of the insohible residue. About four or five times the 
volume of the whole residue are taken of black flux, and 
the assay is further treated, as prescribed in the portion 
which follows upon the assaying of sulphate of lead. 

In this way the lead is concentrated, and the foreign sul- 
phids, which were specified above as the cause of the failure 
of the assay in such cases, completely removed. The reault 
obtained in this way is satisfactoiy and deserves the same 
confidence as one obtained in favorable circumstances by the 
ordinary lead afi^ay from an ore with a medium or high per- 
centage of lead. 

C. Foot plumbiferous substances containing a considera- 
ble quantity of earthy matters (taiUnys, slimes, <£r,.). 

1. Fusion with Jluxes and a loeiyhed guantiCy of silver. 

T!ie assay is mixed as ordinarily with carbonate of potassa 
or black fius, and thirty to fifty pounds of accurately weighed, 
refined silver are added in a finely divided state. In the 
smelting, the silver assists in the better union and collection 
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of the separated globules of lead. From t!ie wliolo weight 
found, the weight of ihe silver added is then subtracted. In 
the presence of antimony, arsenic, &c., this method gives no 
reliable result. 

2. Fusion with solvent agents and iron. 
According to Mivot, one hundred grammes (about thirty 
assay centner) of tlie pulverized substance are mixed with one 
hundred to one hundred and fifty grammes, of caustic soda, 
and ono hundred and fifty to two hundred and fifty grammes 
(according to the quantity of earths present) of calcined car- 
bonate of soda, put into a smelting crucible, and an iron piate 
one inch wide and one and a half lines thick, bent into the 
form of a horse-shoe, is so stuck into the mixture that both 
ends rest upon the bottom of the crucible, while the bent part 
projects free above the mass. The crucible, covered with a 
few good-sized coals, is placed in a wind furnace, so that it 
stands only about two inches below the mouth of it, and then 
with the dome placed over it, slowly heated up. After fifteen 
to twenty minutes, if the mass has become fluid, the assayer 
stirs it continually about with the iron, and draws the latter 
out from time to time in order to observe whether little glo- 
bules of lead still stick to it. When this is no longer, or 
only imperceptibly the case, the process is ended ; the cruci- 
ble is removed from the furnace, and either its contents are 
poured out, or after cooling the crucible is broken. 

it. Indirect method by calculation. 
The lead contents of siimes are calculated in the following 
way. It is assumed that if the quantities of lead and silver 
in the slick from which the slimes came are known, the quanti- 
ty of lead will bear the same ratio in the sHme as in the slick, 
to the quantity of silver, which last can he found with sufli- 
cient accuracy. Thus for example, if a jralena slick contains 
Mxty pounds of lead and five loth of silver in the centner, and 
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the slime coming fiora it contains y'^ loth silver, the amount 
of lead contained by it, is y^"j = .75 pound. 



PKODUCrs, ETC., WHICH CONTAIN TUB 
LEAD AS OX YD, 

A. The oxyd of lead is combined wUh fixed mineral acids. 
1. Fusion with reducing agents. 

A centner of the substance to be assayed is intimately 
mixed with three or four times its weight of a black flux 
rich in carbon, or with a similarly working mixture of an 
equal quantity of carbonate of potaasa with twenty to thirty 
ponnds of coal dust, or of carbonate of potassa and argol 
or flour, and smelted in a clay crucible, after the mixture 
has been previously covered over in the crucible with a thick 
layer of chlorid of sodium, carbonate of potassa, or black fluir, 

To this treatment are subjected substances (e. g. pyromor- 
phite, wulfenite, croooisite, &c.) whose acids combine, either 
directly or after partial reduction, with the alkali, while the 
freed lead is reduced, Tungstic acid, molybdic acid, and 
phosphoric acid are not reduced at all by the temperature to he 
employed ; chromic acid on the other hand passes into sesqui- 
oxyd of chromium, which remains suspended in the slag. 

If the assay sample contains much earthy ingredients, an 
addition of borax or glass may he necessary. 

In the smelting it must be seen to that the temperature 
does not rise too rapidly, for as soon as the mass begins to 
grow soft, gases are evolved veiy copiously, and occasion an 
energetic rising up in the crucible. This is especially the case 
in all lead assays in which the fluxes contain carbon. This 
atage is called the flaming of the assay, since the car- 
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bonic oxyd and carbiiretted hydrojren gases escaping from 
the mass, with open crucibles, talte lire and burn with flame 
above them. Only when this foaming up has somewhat 
abated should the heat be increased. 

With respect to the duration of the smelting, the indicar 
tions of a successful assay, &c., what was said for substances 
in the first part, holds good here also. 

2. Fission with reduaing agents and iron. 

If the oxyd of lead is combined with sulphuric, arsenioua 
or arsenic acid {e.g. in lead vitriol, roasted galena and matte, 
lead waste and dross, lead smoke, slags with sulphate of 
lead, &c.), then, in the charging, besides three or four parts 
of black flux, an addition is made of ten to thirty per cent, 
of iron, in order to decompose the sulphids and arsenids 
formed in the reduction smelting. The liberated ai^enie and 
antimony partly pass off in fumes and partly go into the lead 
button. If sulphate of lead is present, the assay may also, 
instead of receiving an addition of iron, after fusing, be 
allowed to " coo! " awhile. 

B. The oxyd of lead is free, or combined with silicic, car- 
bonic, or <m organic acid. 

1. Fusion with reducing agents. 
The assay sample, free from difiicultly fiisible substances, is 
smelted in a clay crucible, with three to four times its weight 
of a blaclc flux rich in carbon, or with a similarly working 
mixtnre of carbonate of potassa, and flour or coal-dust, 
under a thick covering of chlorid of sodium, or carbonate of. 
potassa. Whether this smelting takes place in open or covered 
cnioibles is indifferent, since no access of air is necessary, 
only regard must be had to the " flaming" of the assay. 

If sulphur is snpposed to be present (e. g. in skimmings), 
an addition of five to ten pounds of iron niay be given. A 
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period of thirteen to fifteen minutes after the fire is welt 
ignited generally suffices for the smelting in the wind fur- 
nace; and in the nrnffle about hftlfan hour after the "fiaming." 

Carbonate of fcarf loses all its carbonic acid by lieat alone, 
and so is acetic acid or any other organic acid deconiposed 
by heat alone; silicic a^id vhca present combines with the 
potassa of the flux, bo that in this class of substances a sinaple 
reduction ensues, brought about by the carbon of the fluxes 
added. 

Litharge, skimmings, &c., are in general completely re- 
duced by a moderate red heat (somewhere in the fi-ont of the 
muffle) in half an hour, and their lead contents melted together 
to a button. A higher or more prolonged heat would only 
cause a volatilization of the lead. 

The slag must come into thin fusion, and since this depends 
very much upon the character of the ingredients of the assay 
sample, the degree and duration of the heat, in the smelting, 
must be modevated accordingly, 

2. Fusion with reducing and solvent agents. 

Compounds of oxyd of lead which contain difficultly fusible 
iugi'cdients {e. g. lead slag, furnace hearths, i&c.) are, in addi 
tion to bla^^k flux, also mixed with solvent agents (borax, 
glass) up to an equal weight (generally only with twenty to 
forty per cent.) and left in the furnace till they are in perfect- 
ly thin fusion (with difficultly fusible slags, one and a half to 
two hours in an ardent red or incipient white heat). To elaga 
containing sulphur an addition of five to ten pounds of iron is 
given (Freiberg), or they are previously roasted ( Unterharz). 

With poor slags, &c., two assay centner are often taken for 
an assay; and here also the addition of a weighed quantity 
of pure silver may sometimes be of use for the better collec- 
tion of the little lead that separates out. 

•g, slags in which a quarter to half per cent, of 
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lead, can be shown, are mixed with black flux, twenty to forty 
per cent, boras and five to ten [jounds iron, with the addi- 
tion of a weighed quantity of silver. With very I'ich slags 
coal dust is also added. At Przibram, half centner (five 
grammes) of slag are mixed with two hundred pounds bla<^k 
flux, twenty-flve pounds borax, and seven pounds iirgol. At 
the Oberharz smelting-house, two centner of slag are mixed 
with carbonate of potassa, coal dust, and some (twenty-five to 
thirty pounds) borax, aud smelted for one and a half hours 
after the " flaming," in the mufile. At the Unterharz smelting 
works, two centner of slag are roasted similarly to lead ore 
(page 36) only without calcining with tallow, for six to eight 
hours, then separated into parts, and each portion, smelted 
with three or four times its weight of black flux and once its 
weight of borax and glass, in the wind furnace for a quarter 
to half an hour after the fire is well ignited. In the muffle the 
assays are smelted after the " flaming" three quavters of an 
hour, and then allowed to " cool" for five minutes before 
being taken out. At the PMfe^-Aars smetting-house, the Ober- 
harz slags are smelted with black flux, glass and borax, with 
a covering of chlorid of sodium in the muffie for half an hour 
after the decrepitation has ceased, then allowed to " coo!" five 
minutes and taken out. In the wind furnace, the assays are 
allowed to remain thirteen to fifteen minutes after the fire is 
well ignited. 

The smaller ia the amount of lead in the substance to be 
examined, the less reliable in general is the result of the assay. 
Accurate results can then only be reached by an analytical 
process, by which, if only the detenu in ation of the lead is 
required, thisend can often be attained pretty quickly. 

The lead obtained by this reduction smelting is, excepting, 
perhaps, for an exceedingly email, and therefore to be neglected 
quantity of potassium, pure, unless easily reducible foreign 
metallic oxyds, particularly those of copper, antimony, tin and 
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bismulh were also contained in tlie ass.iy. If on the other 
hand oxyds of this Itind are present, the lead will be more or 
3ess (jontaminated by the corresponding metals. The quanti- 
ty of them contained in the lead separated, must then be 
determined by a special examination, and deducted from the 
weight of the alloy, in order to obtain that of the pure lend. 
If the lead contains antimony, it is treated with pure mode- 
rately strong nitric acid until complete decomposition ensues; 
the excess of acid is then evaporated in a porcelain capsule, 
the separ.ited oxyd of antimony placed upon a dried and 
weighed filter, and tlie oxyd of lead completely washed out 
with hot diblilled or rain water. The filter with its contents 
is then completely dried at 100° C and from the weight, 
after deducting that of the filter, the amount of antimony is 
calculated. 100 oxyd of antimony = 84.3 antimony. Any 
copper, tin or bismuth present ia to be determined in the 
manner given in the assay of these metals. If gold or silver 
is present, the rule given upon page 17-18 is to be observed. 

Sectio;^ III. 

ALLOYS OF IJIAD. 

1. Assay toith sulphuric acid. 

No docimastio assay is known for exhibiting the lead iso- 
lated irom its alloys. In individual cases a scrviceabie result 
may be attained, if the metal {e.g. of copper by refining it) 
with which the lead is combined be detennined, and its quantity 
then deducted. This method is however in general, the more 
unreliable, the smaller is the quantity of lead, or when the lead 
is alloyed with several metals ; so that then the quantity of load 
can often only be determined by the pai-tial or complete aid 
of the wet way. 

For many products {e.g. crude lead, hard lead — containing 
antimony or arsenic — pltimbiferous copper, &e.) the assay with 
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Biilphuric acid desciibed on page 38 is siiitablu. One assay 
centner of the substance is decomposed by nitric add or 
aqua regia, then ivith the addition of Bulphurio acid evapo- 
rated to dryness, and the dry mass treated as above directed. 
If the residue consists only of sulphate of lead, it can be 
brought upon a weighed filter, and from the weight of the 
residue after drying, the amount of lead may be calculated, 
100 parts sulphate of lead contain 68.33 parts lead. 

ADDinoSAL BBMARK9 OX THE tBAD ASSAY. 

Comparison of the different methods for the dodmasHe 
determination of lead in their application to various pro- 
ducts. 

Markus has made the following comparative experiments 
with the methods of assaying lead oi'es most in use at the 
Austrian smelting works at Joachimsthal. 

a. Assay with black flux and iron. — One assay centner 
{5,7 grammes) of the finely rubbed, sifted, and dried assay 
substance was mixed with two assay centner of black flux 
made of sixteen saltpetre and forty argol, and sixty pounds 
of borax-glass in a mixing capsule, and put into a clay ci'nci- 
ble, on the bottom of which a piece of thick iron wire 1° long 
and forty pounds in weight, had been placed in a vertical 
position. The crucible charge, covered 0\er with two cent- 
ner of decrepitated chloiil of sodium, was smelted m a mine- 
ral coal muflle furnace, with the mouth of the nmfile closed, 
and the draft half open, at a modoiate tempei'ituie, the tem- 
perature then loweied foi sis to se^ en minutes by openhig 
the mouth of the muffle, then the muffle clostd again for an 
equal period, and the finil heat tht,u given The cessation 
of the low crackling of the assay w is now ciretuUj attended 
to, and this, ceasing after seven to eight mmutes, indicated 
the completion of the assay. The duiation of the assay, by 
the way, was twenty minutes. 
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h. Romting and reduction assay with iron. — One assay 
centner of galena was roasted, at first with a low tempera- 
ture, for about thirty minutes on a roasting dish, and the dish 
then pushed into the back pai't of the mnffle for six to eight 
minutes to destroy the sulphates foi-med. The roasted ore 
was rubbed fine, intimately mixed with three hundred pounds 
of black flux and fifty pounds of borax-glass, placed in a cru- 
cible with a piece of iron weighing twenty pounds at the 
bottom, covered with salt, and smelted as above, 

c. Koasting and Jimng with bliicJc ftux. — One centner of 
the roasted ore was smelted as before with three hundred 
pounds of black flux and fifty pounds of borax, but without 

The results obtained proved : 

1. That with all those products which contain tolei'ably 
pure sulphjd of lead, especially with high percentages, the 
iron assay, a, gives in a remai'kably predominant degree the 
most lead (as high as ninety-six per ccjit. of all the lead 
present). 

2. With impure lead ores, which contain more foreign sul- 
phids, the assay a gives likewise the highest percentage, 
though the assays b and c give only a few per cent. less. 

3. If foreign sulphids are preseut in predominant quantity, 
the methods of b and c give a slightly higher percentage than 
that of a. 

JjevoVs Jhision as&ay with ferrocyanide and cyanide of 
potassium. 

According to Level, the method of assaying galena for its 
lead by smelting it with black flux and iron is defocli*-G in 
two respects. First, it is difficult to choose precisely the 
quantity of iron requii'ed for the reduction of the lead, and a 
Lick or excess of it either gives too little lead or a button 
containing iron ; and second, in order that tho reaction may 
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be complete and the lead unite to a button, we are compelled 
to use a very high temperature, at which lead volatilizes. 
The first defect can indeed lie removed by the use of iron 
crucibles, but these are easily rendered unserviceable, and 
require a pouring out of the fused mass, and tiien globules of 
lead are apt to remain in the sliig. 

By the use of a mixture of fifty parts of cyanid of potassium 
and one hundred of anhydrous ferrocyanid of potassium 
to one hundj-ed of galena, the loss of lead diminishes to from 
two to two and a half per cent., probably in consequence of 
the easy fusibility of the mixture and the extremely fine divi- 
sion of the iron in the ferrocyanid of potassium. With anti- 
monial galena this process is not applicable, as the antimony 
is reduced and goes into the lead. Cyanid of potassium alone 
g^ves, by reason of the gi'eater quantity of metallic sulphid 
which it retains, a smaller product of lead, 

Schemnilz ha<l assay. 
To one centner of well I'oastcd powder, two centner of 
black flux (of one and three-quarter pai-ts saltpetre and two 
parts argol), six to eight pounds of boi'ax, and a chlorid of 
sodium covering. 
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CLASSIFICATION OF THE COPPBK ASSAY. 

PoE 110 metal does tiie art of assaying possess so many 
different methods of examination, partly more or less similar 
to each other, and partly based upon very different prineiplefi, 
as for copper. Tbe different substances to be examined for. 
copper, are very often of exceedingly various composition ; 
and thus, particularly from this circumstance, since copper is 
marked by no specially prominent and distinctive chemical 
properties ; as well as from the commercial value of copper, 
jind from custom and locality, have the different methods of 
assaying arisen, Certain methods in the dry way give for 
definite, little complicated substances, such for example as a 
more or less constant and uniform mining and smelting pro- 
cess yields, useful and reliable results, but cease altogether to 
be even practicable for other, differently composed, or poor 
cupriferous substances. 

In general, the methods in the wet way are to be preferred, 
since they remain practicable in the great majority of cases, 
and with multifariously changing constitution of the assay 
sample, still yield sufficiently trustworthy results. But they 
require in general a closer acquaintance with chemical mani- 
pulations and reactions, while the dry assays demand more 
skill than science. 

The alloys of copper used in the arts and in common life, 
give by the docimastic assay in the wet way, in general cor- 
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rect results, that can in most cases be used to good advan- 
tage, but are sometimes inferior in accuracy to an analytical 
examination ; so that in general, the amount of copper, in 
ores and nietallnrgical pi'oduets, caa be determined with com- 
plete accuracy only by analysis. 

The copper aasay may be classified in the following 
manner : 

A. Assays in the dry way. 

I. SCLriiUREITED OKES OB PBODUCTS WITH OE WITHOUT 
ACCOMPANYING SELENIUM, ANTIMONY, OK ARSENIC. 

A. Assays for rich ores and products, 
{Copper glance, Ca,S with 79.7 Cu; Chedcopyrite, Cii^S, 
Fe,Sj with 34.4 Cu; M^eadte, aCu^S, F^Ss with 55.7 Cu; 
Smmonite, aCojS, SbS3+2[3PbS, SbSJ, with 12.7 Cu ; 
i^«Afera, 4 [Cu, S, Fe S, Zn S, Ag S, Hg S], [Sb S , As §3, Bia &.<], 
with S0.-48. Cu ; (7oyeHirae, CuS with 66.7 Cu; Wolfsbergite, 
Cu.S, SbSj wiih 34.9 Cu; Domeykite, C\hA& with 71.6 Cn; 
Copper malte, Copper spetsa, etc 

1. German Copper Aaeay. Roasting, smelting to black 
copper, refining of the black copper on the cupel or on the 
refining dish. 

2. English C<yyper Assay. Fusing the raw ore to a 
matte, roasting and smelting of the matte to black copper, 
refining of the black copper, and reduction of the slag thus 
produced. 

3. Plattner's Copper Assay. Fofmation of arsenid of 
copper, and refining of the same. 

B. Assays for poor ores and products. 

1. Fusion of the ore, etc., to a crude matte, and further 
treatment of the same according to A. I. 

2. Fusion of the roasted ore with agents to collect tJie cop. 
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per (!ea<3, antimony, or arsenic), and refining of the black 
cofiper. 

n. — OXYDIZED OEES AND PRODUCTS, 

{Red copper, Cus O with 88.7 Cu; malachite, 2 Cu O, 
CO,+IIO with 57.3 Cu ; azurite, 2 Cu 0, COs+Cu 0, HO 
with .TiS.l Cu; cyanosite, Cn 0, SOj+5 HO with 25.3 Cu ; 
phosphate of c(^tp&r with 30.-56. Cu; arsenate of copper vi'ah 
25.-50. Cu; chromaCe, vanadate, and silicate of copper ; 
slags, etc.) 

1. Reducing and solvent fusion with or without collecting 
agents (antimony, areenic, lead), for the copper, after the ore 
has been roasted if necessaiy (e. g. with cyanosite and 
arsenate of copper), with coal dust, graphite or carbonate of 



2. Concentration smelting with pyrites to a matte, which is 
I'oasted and smelted to black copper with or without collect- 
ing agents for the copper. 

III. — COPPER ALLOYS, 

Refining with lead on the cupel or with boras on the refin- 
ing dish, with or without the addition of lead, antimony, or 
arsenic. 

B. Assays in the tcet way. 

I. — ASSAYS FOR SUBSTANCES RICH IN COPPEK. 

A. The modified Swedish assay. — Precipitation of the 
copper from its solution by iron or zinc. 
ColoTimetric assays, including : 
guelin's metliod. 
1 Huberts method, 
. Mailer's method with a complementary colorimeter. 
VolumetT^c assays, including : 
1. i'elouze'a method by precipitation with sulphid of 
sodium. 



.lec.y Google 



2, Schwnm's method by oxydation with peimanganate oi 
potassa. 

D, Other assays after Zevol, Byer aud Robert, Mivot, 
etc. 

ir. — ASSAYS FOK 9UBSTAXCES POOE !»■ COPPEE. 

(Slags, lead cootaining coppei-, copper slate, etc.) 
Seine's colorimetric method. 

Section I. 

A. COPPEK ASSAYS IN THE DET WAY. 

I. — SLTI.PHUKETTED OEES AND PEODOGTS, WITH OR ■WlTHOTJl 
ACCOMPANYING SELENIUM, ARSENIC, OR ANTIMONY. 

A. Assays for rich ores and products. 

1. German copper assay. 

This assay compiTses the following operations : 

Ist. The roasting in the muffle f-umace. 

From the correctly chosen, properly diied and prepared 
assay substance, one centner is weighed out in duplicate for 
the assay. The weighed substance is so spread out with a 
Hpatnla from the centre outwards on a roasting dish (Figs, 
10-11) that has been previously rubbed with chalk, rouge, or 
powdered manganese, that most of it lies towards the margin 
of the dish, and only a thin layer is found in the middle. The 
assay, which has also been previously well mixed with at least 
two parts by volume of charcoal powder, or twenty-five to 
forty pounds of graphite, is then placed in the low red hot 
muffle and cautiously roasted till no m re sulphurous oi 
arsenious acid escapes (page 36). The tempeiatuie to be 
employed in the roasting, especiallj at the commin<cmfnt, 
depends upon the character of the assiy lubstmce whth 
should not fuse, though a very shght caLin^ togethoi may be 
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allowed ; care should l)e taken, however, that none of it sticks 
to ibc disli. Generally, the temperature that a low red-hot 
muffle affords in its front part, is suitable for the beginning 
of the roasting. The heat can be raised rapidly or only 
slowly, and the roasting finished in a shorter or longer time 
according to the composition of the assay sample. 

The prcsGnoe of UaA, arsenic, and especially antimony, 
makes special caution necessary on account of the easy fusi- 
bility of their compound's. Such ores {e.g.faMerz, bourno- 
nife, etc.), are roasted very gently at first without the addi- 
tion of coal, and afterwards powdered coal is used instead of 
graphite, as the oie thus roasts at a iower temperature. If, 
at the same time, as in many fahlerze, sidphicl of mercury is 
contained in the ore, the latter cakes together at a very low 
temperature, and at a greater heat evolves mercury with such 
ra]iidity that mechaulcal loss occurs. Such ores must be 
placed m the muffie while it is yet only moderately warm, in 
order to volatilize the mercury gradually, and be further 
roasted with coal only atler the removal of the mercury. 
Coke and graphite work almost exclusively and continuously 
chemically, while charcoal dust has, at the same time, a disin- 
tegi'atiiig mechanical effect, since generally a large part of the 
latter is already burned before the ore has reached a tempera- 
ture at which it can work upon it. 

When the roasting ore has ceased to fiime, and no longer 
gives forth any smell of sulphurous acid, it is rubbed up 
in a brass or cast iron dish (Fig. 18), mised with about 
twentj-flve pounds of coal dust, and again roasted at a higher 
temperature till the odorous gases produced have disappeared. 
Tie as5iy is also sometimes calcined with tallow. If the 
o e i** a ery difficult one to roast, then, instead of the coal 
d St a hn^l addition of forty to sixty pounds of carbonate 
of amn o is given, by which the sulphates (even the sul- 
phate of leidl are decomposed with the formation of volatile 
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sulphate of ammonia. Generally, a second rulibing up suffi- 
ces. To secure a complete oxydation, it is uecesaary that the 
coal should be entirely consumed. 

Arsenic can be removed, for the most pnrt, by this roast- 
ing ; stiH some baaio arsenates are al ways fonned. Antimony 
is more difficult to remove, and can only be in some measure 
driven off by careful roastiiig and frequent rubbing up. It 
remains behind as antimonates. A residue of both these sub- 
stances ia less injurious than one of sulphur. The latter 
occasions in the reduction smelting a formation of sulphid of 
copper, the copper contents of which escape determination. 

When no more fumes from the hot assay can be perceived 
by smell or sight, an<l the assay powder shows a constant, 
uniform, dull color, and no more grains with metallic lustre 
can be seen while rubbing it up, and finally when no more 
particles of coal or graphite can be detected, the roasting is 
finished. It has been proposed to add to the assay, when it 
is partially roasted, a few (ten or less) per cent, of chlorid of 
sodium, to promote the removal of arsenic, sulphur, etc. This 
addition, whenever it does not accomplish the end in view, 
can only be injurious when so much salt is added as to cause 
a closer baking together of the powder, and thereby hinder 
the access of air. If the ore contains zinc, this is apt to cause 
a caking together on account of the formation of chlorid of 

Only with a completely roasted assay can it be counted 
upon that all or as nearly all as possible of the copper has 
been converted into oxyd, and this must be accomplished if 
the result of the assay is to be coiTect. All the copper which 
remaina in the afate of sulphid or sulphate is almost wholly 
lost, as by the later addition of alkaline flux it cannot be at 
all, or only very incompletely reduced to metallic copper. 

K the assay sample contains sulphates which are not con- 
vcited into oxyds by coal, graphite and carbonate of ammo- 
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nia, e.g. gypsnm, barytes, etc., it must be first smelted to a 
matte, which is then treated like a raw ore to be roasted. 
For this purpose one assay centner of ore, one centner of 
borax-glass, one centner of potash or soda glass, and ten 
pounds of colophony are well mixed together, the mixture 
covered over in a emal! crucible (Fig. 13) with about three 
centner of chlorid of sodium, the crucible furnished with a 
cover, and the assay heated for half an hour in the muiBe, or 
til ree-q« arte rs of an hour in the wind furnace. Tlie earths 
are thus slagged off, and there results a cupriferous matte in 
the shape of a button, which is finely piilverized and roasted. 
2. The solvent and reducing fusion. If the roasted assay, 
which besides a small quantity of antimonates and arsenates 
may contain the oxyda of copper, lead, iron, zinc, etc., is 
subjected to a . reduction smelting with simultaneous use of 
solvent agents (borax, glass), then by a suitable and not too 
high a temperature the more difficultly reducible oxyds of 
iron, manganese, zinc, etc., are in great part slagged off, 
while the oxyd of copper is reduced, together with a small 
portion of the above oxyds and most of the oxyd of lead, and 
yields a button of impure copper (black copper) in which also 
is found almost the whole of the antimony and arsenic of the 
roasted ore. If too much solvent flux is used, copper also is 
slagged, which may be known by the red color of the slag 
produced. With a lack of solvent agents a great part of the 
foreign oxyds is reduced, and a very impure black copper is 
focmed, whose refining is attended with greater loss. The 
charging has been well chosen, when with a black or bottle 
green slag a malleable button with a copper-red fracture is 
produced. The presence of much lead occasions a slagging 
of copper, while iron on the other hand protects the copper 
from it. Arsenic and antimony aid in the collection of the 
copper, since the black copper is thereby rendered more 
fusible. 
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The fluxes used in the smelting must be free from aiilphnr 
and for this reason the clilorid of sodmin is employed in the 
shape of rock salt, or of salt which lias been parified by chlo- 
rid of baiium. Borax nnd glass are free trom sulphui-, but a 
portion of it is oflen found as sulphate of lime in the argol, 
as well as in the saltpetre of the black flux, which serves as a 
reducing and solvent agent for siliua and silicates. The black 
flux is generally composed of two to two and a half of argol 
and one of saltpetre ; it may vaiy, however, in composition 
(as it does, for example, in the Manafdd district), according 
to the richness of the assay sample. With an ore containing 
lesa than forty per cent, of copper it may be made ■with four- 
teen argol and eight saltpetre ; with forty to fifty per cent, 
of copper, with sixteen aigol and eight saltpetre ; and with 
flfty to seventy per cent, of copper, with twenty argol, and 
eight saltpetre. The more saltpetre is present the more docs 
the copper incline to slag. 

iTistead of the black flux,— if this contains sulphur— a mix- 
ture of one Iwmdi-ed pounds of pure carbonate of potassa, and 
ten to twelve pounds of flour is nsed. To one assay centner of 
the ore, etc., two centner of this fiux are taken, the two are 
well mixed together, with the addition of thirty to fifly 
pounds of glass, and twenty-flve pounds or more of borax, the 
mixture placed in a suitable crucible (Fig. 16— IV), covered over 
with two to three centner of chlodd of sodium, a small piece 
of coal placed on the top, and the cmcible closed with the 
foot of an old one. 

If black flux ia used, the charge for one centner of ore 
consists of two and a half to three centner of black flux, 
twenty -five to fifty pounds of borax glass, and fifty pounds or 
less of glass that is free from lead and arsenic. The ore is 
rubbed together in a porcelain or serpentine mortar with one- 
third of the black flux, placed quickly in a crucible, thp 
other two-thirds of black flux added ; twenty-live pounds oi 
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boi-as, and tliii"ty to fifty pounds of glass spread over it, the 
whole covered over with two to three centner of chlorid of 
sodium, and on the top is laid a piece of coal about the size 
of a half inch cube. The upper layer of black flux prevents 
the ore from being thrown out of contact with it by the foam- 
itig np of the mass consequent upon the reduction. If the piece 
of coal is taken too large, almost all the chlorid of sodium 
soaks into it, and the assay is too much denuded of slag. In 
the absence of coal, copper is apt to slag. Difficultly fusible 
ores require a smaller addition of gkss as tl is itstlf is rather 
difficultly fusible. Foi the better collection of the copper, 
with richer ores, an addition of five to fifteen pei ctnt of 
arsenic is often given For eximjle at F}ehberq purq chil 
copyrite is mixed witb fifteen per cent of arsenic fifty per 
cent, of borax, and foity |ei cent ofgUsi erubescite with 
fifteen per cent, of ai'senic foitj percent ofbjtas and forty 
per cent, of glass; fahleiz with ten pei cent of iisenic, 
twenty-five per cent of ghss, thirty per cent of borix anl 
eight per cent, of ii-on filings If the ores contiin sufhcient 
lead, no addition of aisenic is reiinied An addition of as 
high as ten per cent, of iron, with ores that are poor in iron, 
is very tisefiil both in the reduction smelting and in the 
subsequent refining of the black copper. 

The presence of protoxyd of iron is the safest means to ob- 
viate a slag^ng of the copper, aiid seems to prevent it to a 
greater extent, and with more certainty than a change in the 
ratio of the saltpetre to the argol in the preparation of the 
black flux, or than the use of a lower and less prolonged 
temperature iu the smelting. Since protoxyd of iron is fre- 
quently already present in the roasted assay, an addition of 
oxyd of iron in the smelting is not always necessary ; but the 
more the proportion of copper in the assay sample increases, 
the more useful does such an addition prove, so that no en-or 
is committed if an addition of from one half to an equal 
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weight of pnre oxyd of iron, or foi'ge scales, is given to every 
assay in the smelting, or the assay mixed before the roasting 
with pure pyrites. The latter diminishes also a loss of silver 
in the roasting. 

Reiterated experience has shown that oxyd of iron pre- 
vents the slagging of copper, and, particularly by Wekrle, au 
addition of the same is recommended with substances rich in 
quartz. Dr. W. Fuchs has also drawn attention to this, and 
by his experiments is led to the conclusion, that a weight of 
protoxyd of iron equal to that of the black flux can unite 
with the potassa of the black flux to a chemical compound of 
the formula 2 Fe O, K O, and that if eo much oxyd of iron 
is added to the assay that Fe O, K O is formed, the coppei- is 
made secure from slagging ; further, that by the addition of 
oxyd of iron, the black flux (best made fiom two saltpetre and 
five argol) is rendered more fuable. 

Since it has long been known that fusing alkaline carbonate 
is decomposed by oxyd of copper, it must be admitted that 
oxyd of iron can separate oxyd of copper from its combina- 
tion with alkali, though this separation may not perhaps be 
■wholly compieie. 

The assays are exposed to a yellowish white heat for half an 
hour to an hour in the muffle or wind furnace (in the TTntefr- 
harz, ore andmatte assays are allowed to remain in the wind fur- 
nace thirteen minutes, and siag assays a quarter of an hour 
after tlie fire is well ignited), and when the muffle furnace is 
used, glowing coals are laid before the crucibles about half- 
way np to their tops. The contents of the crucibles must be 
completely fused. 

With an assay that has succeeded well (that is, with propei 
chai-ging and temperature), neither the salt covering nor the 
slag is reddened with sub oxyd of copper. The slag is blackish 
green from protosyd of iron, glassy, uniform, and easily snaps 
in pieces. With a red, and therefore cupriferous shig, either 
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the temperature was too high or too long continued, or too 
little coal, or too much borax and glass present, or the assay 
too difficultly fusible, which last may be known from the 
appearance of the heterogeneous, porous slag. TJnbumed 
coal mast remain on the salt, and at the bottom of the cruci- 
ble must be found a well fused button of a red or more gray- 
isli color according to its purity. If there is found between 
the copper button and the slag a brittle crust or layer of 
matte, the roasting was not complete, and tho assay is to be 
thrown away. 

Only when substances are to be examined which contain 
only the sulphids of iron and copper, and besides have but 
little or no eai-thy gang, provided too that the quantity of 
copper is not very small, can a copper button be obtained by 
roasting and reduction smelting with a well-proportioned 
mixture whose weight shall give the contents of the ore with 
sufficient accuracy. But the metallic button obtained must 
then, with a slag that is free from copper, have all the charac- 
teristics of pure copper, must upon its surface as well as in 
the fracture be pure copper red, and be capable of being ham- 
mered without breaking or cracliing. 

If the color and malleability of the copper button prove that 
the impurities cannot amount to over one to three per cent, of 
the weight of the copper, a further refining is omitted on ac- 
count of the loss thereby occuiTing. (Mansfeld copper mattes.) 

All metallic oxyds still present in the roasted assay sam- 
ple, which are as easily reduced as oxyd of copper, and whose 
metals are fusible at the temperature used, either by them- 
selves or when alloyed with copper, pass into the copper as it 
separates out. In all cases, therefore, when the roasted assay 
still contains auch metals, among which belong lead, bismuth, 
tin, cobalt, nickel, antimony, arsenic, etc., there can be no 
pure copper produced, and the copper then obtained is desig- 
nated by the name of blaok copper. This black copper must 
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then, by a further, third operation, he freed from these foreign 
ingredients, to which, if the roasting was not exceedingly 
thorough, anlphur may also be added. 

3. The refining of the copper on the cupel or on the refining; 
dish. This operation aims at the remot'al of the foreign in- 
gredients from the hlack copper. 

For this purpose the copper is brought into fusion and 
access of air allowed. Thus the constituents of the black 
copper, which are more easily oxydized than copper, namely 
phosphorus, sulphur, arsenic, antimony, lead, iron, bismuth, 
zinc, etc., are nest converted into oxyds, and maybe i-emoved 
as such. A partial osydation of the copper at the same time, 
however, cannot be entirely avoided here ; and, moreover, 
when it is attempted to prevent too great an oxydation of 
the copper, considerable traces of the substances named above 
are apt to remain behind in the refined copper. From other 
metals, namely from gold, silver, nickel, cobalt, etc, the cop- 
per cannot be freed at all, or only imperfectly so, by tliis 
method. 

This is the reawn of the imperfection of this mode of refin- 
ing, and, therefore, of all methods of assaying which involve It. 
The most practised assayer, with all his skill and experience, 
cannot entirely remove this imperfection. This assay, how- 
ever, none the less deserves to be used, for with acquired 
practice it yields a result in a shorter time, though it be but 
more or less approximately correct, than it is possible to ob- 
tain one in the wet way. Moreover, rightly conducted assays, 
compared by the differences usually occuiTing between them, 
i-emain always, or nearly so, quite as reliable as many other 
metal assays in the dry way, e. g. the lead assay. 

The assay is in general considered as successful with rich 
and medium ores, when with correct management the weight 
of two duplicate assays does not differ by more than one pound. 

'Ihis refining is pei'formed in different ways. 
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a. Jiefirung upon the refining dish. This method ia the 
one most frequently chosen in Germany, e.g. at Freiberg, 
and at the Victor Frederic smelt Ing-house, and aUo in Sun- 
gary. It Is especially applicable when the black copper does 
not contain very much lead, and ia the more reliable the 
purer the black copper already is. 

By this method indeed an oxydation of the copper cannot 
be wholly prevented, but under favorable circumstances the 
loss thus occurring is vanishingly small. In Freiberg the 
copper button, with as little boi'ax as possible, generally an 
equal weight, wrapped in a cornet of letter-paper, is placed 
on the very flat, white-hot dish (Figs. 13-14), surrounded by 
glowing coals, and fused quickly at as high a temperatnre as 
possible. A slow fusion occasioi^ oxydation and slagging of 
the copper. If black copper, which contains neither arsenic, 
antimony, nor lead, is to be examined, then to a fifty poand 
assay, five to ten per cent, of lead and thirty to fifty per cent. 
of boras, as may be required, are added, in which case the 
borax is genei-ally fused fli'st on the whit«-hot dish, then 
the coppei-, and afterwards the lead added. If the copper to 
be refined is not in a dngle piece, then, in order to avoid 
loss, it is never placed on the dish at the same time with 
the borax, but only after the intumescence of the latter has 
ceased, A black copper containing sulphar sparkles when 
placed on the dish. Comets of weighed lead and borax must 
always be at hand to add in case of necessity. 

As soon as the copper shows a convex, perfectly clear sur- 
face, and is surrounded by a thinly fluid ring of borax slag, 
the mouth of the muffle is slightly opened to give access to 
the oxygen necessary for the oxydation. Kthe copper is not 
clear, but covered with a black crnst, while at the same time the 
muffle is white-hot, the operator tries adding borax. If this 
alone does not help the matter, a cornet of lead is added, and 
the heat increased if possible, when the black copper soon 
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presents a clear surface. Very impnro black copper with only 
forty to fifty per cent, of copper, is placed on the dish at first 
with a large quantity of boras only, without lead, and the 
latter added only when the copper is aafiiciently refined. 
Special care must now be taken that the temperature does 
not sink too low. Tf lead is preseDt fumes of it rise at this 
period, A portion of the lead goes into the slag. Arsenic 
mostly passes off in fumes ; a portion of it, however, remains 
in the slag as arsenate of iron. A.ntim,ony behaves similarly, 
only it is more obstinately retained by the copper. JSTlckel 
is the most difficult to scorify, and can only be slagged by a 
large addition of lead, and in consequence of this, with a con- 
siderable loss of copper. If too little borax is present the 
Blag is apt to become stifi", or solidify. 

When the copper is nearly refined, it " brightens" lite silver, 
only less distinctly ; the " brightening" is particularly to be 
seen at the lower edge of the metal. In the presence of anti- 
mony and arsenic, the " brightening" is less distinct than with 
lead, but it becomes so also with the latter when the buttons 
are small. In the latter case the assay is assumed to be done, 
when it no longer fames. The temperature must, at the 
instant of " brightening," be exactly at the point at which the 
copper solidifies, since otherwise it would continue to oxydize ; 
but good care must be taken that the copper does not solidify 
too st>on. It shows in the " brightening" a peculiar green 
color. The assay is now removed from the furnace, carefully 
quenched in water, and freed from the slag. The buttons 
should not differ by more than one to two per cent, in 
weight, and the value is stated ynly in whole pounds through 
all degrees of richness. 

In a good assay the button has the pure copper color, ia 
ductile, and uniformly granalar and rose-red in the fracture, 
A button not sufficiently refined is red exteriorly, but the 
fracture is gi'ay ; an over refined one, dark red exteriorly and 
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brittle, the fi-actuve more smooth than granular, and with n 
high over reSning, even laminated, moreover the slag is then 
red. With proper refining the shig is blackish green from 
tiie presence of iron. If lead was present, the slag is greenish 
blue at the edges from iron, nearer the button it is yellowish 
red from Pb O-f-Cuj O, and at the button itself suboxyd of 
copper appears. The yellowish red color must not be eon- 
founded with that of the basic arsenate of iron, which forms 
copper rod spangles on the surface of a slag that is saturated 
with it. Since the adding of lead involves an unavoidable 
loss of copper, an addition is necessary to the amount of cop- 
per found, ill order to learn the correct contents of the black 
copper. Empirically, to every ten pounds of metal slagged 
off (from the black copper and the lead added) one pound of 
copper is reckoned as also slagged. In, many localities for 
every five pounds of loss (of the black copper) one pound 
more of copper is reckoned. If there Ls a lack of borax in 
the refining, more may be added in the process. If the dish 
then becomes too full, it is cooled in water, the copper freed 
from the slag, and again mixed with borax on. a new dish. 
But then a loss of copper is more apt to occur, as most of the 
iron, which otherwise protects the copper from slagging, is 
already slagged off. It is therefore sought in preference to 
get throagh, with a single operation. 

If much arsenate of iron forms which begins to make the 
slag stiff, no more borax can be added, as the assay is thereby 
completely chilled and cannot be again rendered fluid. In 
such a case the assay must be freed from the slag. A new 
addition of borax, therefore, should only be given in the coni- 
mencement, while the slag is yet entirely fluid and the button 
is not yet cScar. When the button once becomes clear, a 
further addition of borax is seldom necessary if the furnace 
is kept hot enough. Only very impure black coppers do not 
then refine witii a single operation. 
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Plumbiferous black copper is already copper-colored, has a 
certain Boftness and qiiickly refines. Arsenical black copper 
refines more slowly, requires more borax on account of the 
iron it contains, and never gives a refined copper of a Ijand- 
some red color. So long as it is not yet refined, if tbe beat is 
high enough it is movable on the disb. With very arsenical 
copper, if the beat is very strong, a blue arsenic flame bui'sta 
forth, which lifts the button, A constant blue halo of burn- 
ing arsenic is often seen. 

Gold and silver remain in the copper, and must be taken 
account of, when they amount to one-half per cent. Much 
silver makes the copper white. Generally, only two assays 
are carried on at once; however, with proper attention four 
assays may be made at the same time. 

b. Seining on the cupel. — This method has been in use 
here and there, e.ff. at the Oberharz and Vhterharz smelting 
works, since the time of Schiilter. It is by no means more 
accurate than the above, but is, perhaps, the most suitable one 
for very plumbiferons black copper. 

A quantity of pure copper equal in weight to the black cop- 
per is weighed out, while two cupels are bi'ought to a white 
heat in the muffle of tlie assay furnace. Upon each of the 
cupels an equal weight of pure lead is placed, and when this 
has begun to " drive," the black copper is placed on one cupel 
and the pure copper on the other, whereupon the muffle is again 
closed till the alloy on the cupels onee more "drives" well. 
Sometina.e8 (as at the Uhterharz) half of the lead is placed on 
the cupel with the copper, and as soon as this is red-hot, the 
other half of the lead added. The quantity of lead to be 
used depends upon the character of the black copper ; if this 
is very plumbiferous, an equal weight of lead may suffice ; if 
the black copper is almost or entirely free from lead, and is 
also impure, two and a half to four parts by weight of lead 
must be added {at the Unterkars, for example, four parts of 
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lead are tateii). During tlie " driving," in wliich the muffle is 
ially one half opened, without however closing the draft of 
the furnace, a sufficient heat is to he sectired, and it must be 
espeei-atly seen to that both cupela remain equally hot, so that 
the burning away of the copper may be as nearly equal as 
possible on the two. The higher the heat in the "driving," 
the pnrer dofs the copper become, and the rounder is its form. 
The " brightening " of the assay is somewhat more distinct than 
in the refining on the refining dish. As soon as it has ensued, 
a spoonful of coal dust or borax is ponred over the cupels in 
the muffle. They are then immediately taken out of the 
furnace and cooled in water. The indications of the refine- 
ment of the copper are the same as above ; it is difficult, how- 
ever, to obtam buttons wholly free from lead. The simul- 
taneous and similarly conducted cupellation of a quantity of 
pure copper equal in weight to the black copper, with the 
assay, is intended lo make a calculation possible of the 
quantity of copper, which the black copper has lost by scori- 
fication. What the pure copper has lost in weight is added 
to the weight of refined copper obtained from the black cop- 
per. An example will make this clearer. Let the black copper 
weigh seventy-five pounds. Seventy-five pounds then of pure 
copper may bo cupelled with 75 x 3 = 225 pounds of pure 
lead, and sixty pounds of copper be recovered fiom it, so that 
the copper consumed has amounted to 75 — 60 ~ 15 pounds. 
Let the black copper, like(i'ise cupelled with two hundred and 
twenty-five pounds of lead, have yielded forty pounds of re- 
fined copper; then the quantity of copper contained in. the 
seventy-five pounds of black copper amounts to 40-f-]5 — 55 
pounds, wliich is the amount to be stated, if the black copper 
did not contain lead. If, however, the black copper is very 
rich in lead, a second correction is also made. The difference, 
75 — 55 = 20 pounds, is considered as lead. Now, as in the 
assay with pure copper two hundred and twenty-five pounds 
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of lead liave slugged fifteen pounds of copper; these twenty 
jiounds of lead are assumed to have slag-ged ^ = Ij 
pounds more of copper. The quantity of copper to be reported, 
therefore, amounts to 40+15+1^ ~ 66^ pounds. 

If the black copper is so much contaminated with lead that 
by refining in the manner specified no copper would be ob- 
tained from it, an equal weight of pure copper is added to it, 
and a double weight of pure copper simnltaneonsly cupelled 
upon the second cupel. For example, let the black copper 
weigh seventy-five pounds ; then seventy-fi.ve pounds of pure 
copper are added to it, and cupelled with 2x75x3 = 450 
pounds of lead. On the other cupel, 76X2 — 150 pounds 
of pnre copper are cupelled with four hundred and fifty 
pounds of lead. The calculation is made as above, only the 
seventy-five pounds of copper added are finally again de- 
ducted. If the quantity of lead to be added is diminished, 
this must be done equally in the actual assay and the control- 
ling one. 

2. Etiglinh copper assay. 

One centner of ore (about one ounce or 26| grammes) is 
mixed according to its character with borax, fluor spar 
or lime, covered with salt in a crucible, fused in a wind 
furnace, and the fiuid mass then poured out, and sprin- 
kled with water, whereupon the slag separates easily from the 
m.atte formed. If the slag contains particles of matte, it is 
smelted again. The pulverized matte is carefully roasted, 
with frequent stirring with an iron rod, in a fusion crucible, 
in the wind furnace, in which crucible it is afterwards smelted 
with borax, argol and saltpeti-e to black copper. 

In Gornwall, according to Karsten, the following method 

The pulverized and finely sifted sample of ore is mixed with 
one to one and a half times its weight of ordinary glass. 
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whioh only needs to be free from lead or arsenic ; witli twenty- 
five to fifty per cent, of saltpetre, and fifty per cent, of borax- 
glass, the mixture placed in a day crucible, covered with 
decrepitated chlorid of sodium, and the crucible, provided 
with a well-fitting cover, exposed to a strong fcsion heat. 
After cooling, the crucible is broken, and the button, of black 
copper detached fi'om the slag. Instead of Ihe ordinaiy glass, 
an addition of fliior spar and lime i** often employed. The 
object of these fluxes is wiinply to sing the stony gang of 
the assay ore, and in combination with the borax-glass to fonii 
a perfectly fluid slag, bo that the particles of copper reduced 
by the saltpetre 'from the copper pyrites, &c., may sink to the 
bottom and unite into a single button. If the slag is too infu- 
sible, many globules of copper remain behind, and such assays 
are considered as having miscarried, though the slag must 
always be smelted again, the particulars for which follow 
later in the dii-ections for refining. By this method a tolera- 
bly pure button of copper is produced, though it still retains 
some sulphur, and though a portion of suboxyd of copper ia 
also slagged, since the saltpetre cannot work with entire uni- 
fonnity. 

This mode of assaying is generally applicable only where 
the copper is found in the ore as sulphid, since all copper 
present as oxyd, whether free or combined with acids, would 
be carried into the slag. 

The method of refining in use in Cornwall, and generally 
in English copper-STuelting works, consists in placing the but- 
ton of black copper, previously flattened out to a thin plate, 
in an already red-hot crucible, and as soon as it is fused 
immediately covering it with raw white flux. A portion of 
decrepitated chlorid of sodium is also added as a covering. 
A violent foaming ia thus produced. As soon as the mass 
flows quietly, it is poured into a metallic mould that has been 
previously rubbed with grease. When it has so far stiflTencd 
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that it can be lifted from the mould with the tongs, it is cooled 
in water in ordei' to crack the copper button from the slag. 
The pui'ity of the copper button may be known from its 
capability of being flattened out without much cracking at 
the edgt'-, ftc It the ndicitions of puiityire not prtsent, 
the refining procesi mu^t be rtpeated, which sometunf- Inp 
pens for the third and tourth time The i reign jn^iedient^ 
are o'vydized and thus remo^ ed by the iwltpet e in the 
wlite flux But the re ulting sl'ig still coutiins oxjdizcd 
co[.pei, anl is therefore, t gether iMtli the blig fiom the 
reduUion smUting (the crc mij hi^e been a^isiyed in the 
r'iw or loastLd atite, pigt 6() rubbtd hue in an iron mn 
tar, mixed with in eqail weight of ar^ol, and some puher 
ized c ke plaLed in a ciucible, coveied with valt and fusel 
at a strong heit The little globule of bl ick copj or which 
aftei the coolinj^ and breaking of the i,ruubie, is founl undei 
the shg, IS refined m the same way is the black i,opper iro i 
the first reduction (.melting, and the button of pure coppei 
added to that obtained from the jiriucipal assay, in order to 
lean) the whole amount of copper in the ore as given by the 
assay. 

At the Mbe copper rejineri/ at Hamburg, the refining smelt- 
ing with borax is repeated in a crucible in the wind furnace 
till the copper assumes the proper color and malleability. 

The English copper assay, which is adapted to the English 
reverberatory furnace process, is accompanied by a consider- 
able loss of copper, particularly in the refining smelting, and 
is suitable thronghout only for pure ores, especially those 
free fi'om lead. 

3. Fiattner's copper assay. 

Platiner has given a systematic method for ascertaining the 

quantity of lead, bismuth, cobalt, nickel, and coj:^r to be 

found in ores, etc., which will be further considered in the 
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treatment of the nictel and cobalt assays. (See Bod em ami's 
Probierkunst, pages 433 and 451, etc.) 

It. Assays for poor ores and products. 
1. Concentration fusion. 

Five to ten centner and more of tlie unroasted ore are 
mixed wJtb fifteen to twenty per cent, of iron pyrites fi-ee 
from copper, in case pyrites is not abeady present in the ore, 
and the assay smelted with an addition of fifty to one hun- 
dred per cent, of borax, under a tliick layer of chloHd of 
sodium in a clay cmcible at an incipient white heat. By this 
process a button of <!rude matte is obtained, in which the 
copper of the assay sample is found concentrated as sulphid 
of copper. This crude matte is weighed, and then first sub 
jccted to a copper assay by roasting, reduction smelting, etc. 
If several assay centner have been taken for the concentration 
smelting, the final proportion of copper found is calculated 
accordingly, 

A slagL^ing of coppei' is indeed seldom entirely avoided by 
this concentration smelting, but the loss of copper is gene- 
rally less than if such poor ores were at once, without any 
previous work, subjected to the ordinary process in the dry 
way, which would sometimes yield no button of coppei' at 
all, since the little copper in the ore is lost in the slag. 

According to Hkichs, for the most complete prevention pos- 
sible of a loss of metal, and for the purifying of the copper, 
the well roasted ore is placed in an assay crucible while still 
hot, with twenty per cent, of pyrites and twenty per cent, of 
sulphur, covered with powdered glass and some vitrified 
borax, and smelted to matte, 

2, JFuiion with coUecting agents. 
With pom- and impure ores, if the ordinary method is 
used, en-ors are very apt to arise fi-om the infusibility of the 
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ore, and from tlie basic nature of the aiiboxyd of copper, 
which, especially in the presence of silica, is veiy much 
inclined to slag. In such cases, as practised in Freiberg, lead, 
litharge, ai-seiiic, antimony, arsenious acid, or oxyd of anti- 
mony, is added for the collection of the copper while smelting 
to black c 'pper. These fluxes have their advantages, but 
aiso their disadvantages. Five to fifteen per cent, of lead or 
litluirge gives with copper an easily fasible alloy, which col- 
lects better together, but also cariies copper into the slag, 
which consequently becomes red. If the result of experi- 
ence is taken as a basis, that, in the refining smelting, ten 
ponnds of lead slag, one pound of copper, then if five per 
cent, of lead are added to an ore with one per cent, of cop- 
per, only half a pound of copper is obtained, and with ton 
per cent, of lead no copper at all would be obtained. The 
intimate mixture of the lead with the ore has also its difflciil- 
ties, and therefore it is better in this connexion to use 
litharge. 

By an addition of arsenic, antimonif, arseniotis acid, or 
oxyd of antimony, easily fusible compounds of arsenic and 
antimony with copper are obtained, the mixing can be 
accomplished more thoroughly than with lead, and for poor 
ores, such an addition is more suitable than one of lead. On 
account of danger in dealing witli arsenious acid, it is best to 
use metallic arsenic, which does less harm in the refining than 
antimony. In this operation, indeed, neither of the two is 
entirely removed from the copper, and they impart some 
biittleneas to it, and a grayish color to the fracture. The 
assayer may, however, be satisfied with the result of an assay 
treated wiUi arsenic. 

II.— ox vol ZED ORES AND PRODUCTS. 

Oxydized copper ores and products are — 

1, Without previous roasting, subjected to a solvent and 
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reducing fiision, and the bliteb copper thus produced, refiDcd 
ii' necessary (richer ores and products, e. g. red cupper, mala^ 
cliite, refinery slags, etc.), 

2. After previous roasting, smelted to black copper, e. g. 
sulphate of copper, copper ores wliich contain aisenic acid, 
antimonic acid, etc., ores imperfectly roasted in the large way 
many copper oi'e slags, cement copper slimes, which may 
contain basic sulphate and arsenate of iron, etc. Tiie roast- 
ing is performed with an addition of coal dust or graphite, 
and finished, if necessary, with carbonate of ammoo'ia. 

S. Smelted to black copper with collecting agents (lead or 
arsenic). Poor oxydized copper ores, especially the qiiartzose 
ones, mnst always be treated in this way. For example, poor 
copper ore with chalybite and basic gang without silica ia 
mixed with ten per cent, of areenic, thirty to forty per cent, 
of borax, and twenty to twenty-five per cent, of glass ; if it 
contains pyrites, miepiekel, quartz, and calc-spar, with twelve 
per cent, of arsenic, thirty per cent, of boras, and thirty per 
cent, of glass, besides black flux ; feiTiferoua, quartzose mala- 
chite, with ten per cent, of arsenic, sixty per cent, of borax, 
and fifteen per cent, of glass. If poor oxydized ores are free 
from iron, ten to twenty per cent, of oxyd of iron is added. 
Also, richer oxydized substances are advantageously mixed 
with collecting agents, e. g. refining slag, with five per cent, of 
arsenic, thirty per cent, of borax, and thirty per cent, of glass. 

4, Subjected to a concentration fusion, with twenty to 
twenty-five per cent, of pyrites free from copper and twenty 
per cent, of sulphur, one hundred per cent, of vitiified borax, 
one hundred per cent, of glass, and twenty to twenty-five per 
cent, of colophony with a covering of salt, and the I'esulting 
matte treated like a sulphuretted ore. The ore is placed on 
top of the pyrites and sulphur, and covered over with the 
fluxes, &c. 



.lec.y Google 



ASSAY OF COPPER. 



III.— COPPEE ALLOTS. 



But veiy few copper alloys can be lefined by tho above 
process. For llie blacJc copper produced by the copper smelt- 
ing-liouse process, everything is observed wfaich was ]ire- 
scribed for the refining of the buttons resulting from the reduc- 
tion smelting. If the refining is to be done on the cupel, one 
or more rarely two centner are weiglied out for the assay. 
Ctipriferous lead i,* refined on the cupe!. Two centner of the 
cupriferous lead and half a centner of pure copper are placed 
on one cupel, and on the other, two centner of pure lead and 
half a centner of pure copper, and the two are cupelled at an 
equal heat. If now, for example, thirty-six pounds of copper 
have been obtained on the first cupel, and twonly-seven pounds 
on the second, then in the two centner of the assay substance 
there were contained 36 — 27 ~ 9 pounds, or four and a half 
per cent, of copper, 

Seine gives for the examination of the Mansfeld black cop- 
per, which seldom contains more foreijirn ingi-edierits tlian 
four to seven per cent, of iron, a little sulphur jind only traces 
of zinc, cob:ilt, nickel, lead, and plio.-phoras {the whole amount 
of the substances last named is not generally over one per 
cent,), the following dii'ections. 

One or half an assay centner of the black copper in filings 
is weighed out in duplicate, and placed in the mnflie, at first 
with a gentle, then with a sti-onger heat, and with freqiient 
rubbing up, until all the copper appears black and changed to 
oxyd and no more grains can be telt with the pestle. The 
roasted assay is now mixed with two to three centner of blitcb 
flux and one to one and a half centner of glass free from lead 
and ai'senic, the charge placed in a crucible for assaying cop- 
per, covered with salt, and smelted in the wind furnace. The 
black flux for this assay must consist of at least twenty parts 
of argol to eight paits of saltpetie, since with a smaller 
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quantity of argol red slags are generally produced. Should 
this still be the case, six to eight assay pounds of coal dust are 
added to the charge. Heine obtained in this way a copper, 
ivliioh he considered quite aa well refined as that produced l)y 
the preceding processes. 

These directions may, perhaps, deserve to be followed with 
black copper siuular to this, as they allow us to dispense with 
the always impertect refining on the cupel or refining dish; 
especially if for reasons already explained a poi'tion of pure 
oxyd of iron or forge scales is mixed with the roasted assay 
in the smelting, in order the moi'e certaioly to avoid the for- 
mation of a red slag, which always indicates loss. 

The most frequent alloys of copper, i. e. brass, German sil- 
ver, gun metal, etc., cannot be assayed in a reliable manner in 
the dry way. German silver, because the niulcel could not be 
removed at all, or only with great difficulty, and the rest be- 
cause zinc and tin give such difficoltly fusible oxyds, that they 
could not be properly removed in the refining. 

In ihe aUoya of copper with bUv&; gold, and platinum, the 
copper may be determined from the loss arising from cupolla- 
tion with lead. 

Itemarlcs upon the copper assayn In the dry way. 
These assays are burdened with various defects. The 
roasting is an exceedingly tedious process; and only by a 
gradually increasing temperature, by repeated rubbing up 
and mixing of the roasting substance with coal dust, graphite 
or carbonate of ammonia, is it possible to sufiiciently remove 
the sulphur. In the reduction smelting, loss of copper is apt 
to occur if a correct temperature and a suitable charging are 
not hit upon. If the fluxes {borax, glass, etc.) are present in 
too large quantity, copper is slagged ; if there is a hick of 
them, a very impure black copper is produced, with whose 
diminishing richness in copper, the loss of copper in the I'eflu- 
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ing increases. The last mentioned operation is in and of itsell 
imperfect, and on account of tlie higli temperature it requires, 
and tbe ever necessary attention of tlie assayer, very trouble- 
some. 

The poorer the substance is in coppei-, the more unreliable 
do the results of the assays becomo. 

In all docimastio assays of copper in the dry way, the silver 
or auriferous silver contained in the assay sample cannot bo 
removed, and it has generally pretty completely collected in 
the copper obtained. These copper assays give nowhere any 
indications whether gold or silver is present or not ; and the 
amount of these metals which may- be present must therefore 
be both songht for and determined by a special assay for 
them. If they are found, and iu sufficiently large qnantity, 
they are deducted from the weight of the copper. 

The dry assay is mostly found in practice in smelting 
works, where even in the hands of less scientifically educated 
than skilful assayera, with the character of the assay sub- 
stance once known, and suitable practice in following out the 
separate manipulations, it gives results whii;h suffice for the 
business of working copper in the large way. 



B. COPPER ASSAYING IN THE WET WAT. 
I. — ASSAYS POK SUBSTANCES KICH IN COPPER. 



copper assay in use at the OberJiarz 
smelting works. 

This consists in general, in bringing the cupriferous sub- 
stance (ore, metallurgical product, alloy, etc.) into solution and 
precipitating the copper with iron. This was generally accom- 
plished formerly by evaporating the finely rubbed assay 
sample to dryness with sulphuric acid, adding some acid to 
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tlie dry mass, lixiviating it, and gradually precipitating the 
copper from the somewhat warmed solution, with an iron 
wire about oue quarter of an inch thick. 

This management has several defects. Many products are 
disintegrated with diffiuulty by sulphuric acid, and therefore, 
the mass that lias been evaporated to dryness with it must 
often be repeatedly treated with acid. The precipitation of 
the copper lasts from four to eight hom-s and longer, and so a 
formation of basic salts which contaminate the copper is apt 
to occur. This method is therefore time-consuming and unre- 
liable. 

These defects are removed by the following method, intro- 
duced at my suggestion in the Oberharz smelting works. 

One assay centner of finely rubbed ore, etc., is wai'med in 
an assay flask or beaker, on the sand-bath, with as little as 
possible of aqua regia (two parta crude hydrochloric, and one 
part ci-ude nitric acid), and as soon as the proper decomposi- 
tion of the assay substance has taken place, in order to expel 
the nitric aoid, evaporated nearly to dryness with a few drops 
of oil of vitriol. In the presence of nitric acid the copper 
would be only imperfectly pi-eeipitated by iron ; the presence 
of hydrochloric acid does no hai'm. Also the nitric acid may 
be destroyed by heating the solution containing it with crys- 
tals of protosulphate of iron, only the work then passes off 
less cleanly than if sulplmric acid is used. 

The still damp mass is cautiously moistened with hot water, 
and filtered into a beaker, the residue no longer containing 
any particles of ore, etc., is washed out a few times with boil- 
ing water (tiD a drop of the washings no longer deposits a 
brownish coating of copper on a clean iron wire), the filtrate, 
about 150 to 160 cubic centimeters, heated nearly to boiling 
with a few pieces of iron wire about two inches long and two 
lines thick, till a brownish coating no longer forms on a clean 
iion wire held in the solution. The approxhuation to this point 
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is indicated by the solution's becoming colorless. Should the 
niiiHs become dry in the evaporation with sulphuric acid, it is 
dampened before filtering with a few drops of sulphuric acid, 
in order to make the basic salts formed soluble. The con- 
centrated solution is not filtered on to the pieces of iron wire, 
but these are placed in the solution after it is diluted with the 
washings, because otherwise they become so i-apidly and so 
firmly coated over with copper, that the latter can only with 
difficulty be separated from them. The pieces of wire are so 
taken as to correspond in size with the beaker used, and of 
such a length as to cross one another in it, in order to present 
as much surface as possible to the direct contact of the fluid. 
After the precipitation is ended the beaker is ponred full 
of hot water, which, after some time, is decanted, care being 
taken that no cojiper goes with it, the beaker again filled 
with hot water, a porcelain saucer placed bottom upwards on 
the top of it, and beakei' and saucer then inverted so that the 
iron wires, together with the copper and some of the fluid, 
sink into the saucei'. When this has taken place 'completely, 
the heater is removed from the saucer by drawing it quickly 
o\er the side with the hand, the iron wires freed by rubbing 
them with the fingers from the copper coating which does not 
adhere firmly, well rinsed off, and the copper well washed 
two or three times by decantation with hot water. The 
decanted fluid may be placed in a beaker and allowed to 
stand quiet for some time, that it may again deposit any very 
finely divided copper suspended in it. The latter is not to be 
confounded with the particles of carbon separated from the 
iron wires, and which pass off in part in the decanting. 
Owing to the short time occupied hy the precipitation of the 
copper, few or no particles of carbon and iron are detaehed 
from the wires, as in the older assays, and the copper is pre- 
cipitated with a pure metallic color, without being in the 
least contaminated by basic snlts of iron. 
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Tlie damp copper, ffeed from water as much as possible (if 
necessary by removing it with blotting papcj") is dried at a 
gentle heat in an atmosphere free from acid vapors until two 
successive weighings give the same result. An oxydation of 
the damp copper may he counteracted hy adding alcoliol to 
it, and also by covering over the saucer. Ove.rmuch care in 
the drying is not required, for even at a somewhat higher 
tamperature the increase in weight is but very small, so long 
as the copper retains its proper color. The precipitated cop- 
per should not be allowed to remain too long in contact with 
free sulphuric acid, since it is oxydized by it. 

This process alone, can only be used when in the substance 
to be examined there are no other metals present (lin, ami- 
mony, arsenic, gold, bismuth) which are likewise thrown down 
by iron. Silver, lead, and mertyury are indeed also precipi- 
tated by iron, but these metals can be readily removed. Sti- 
ver and lead remain in the insoluble residue, the iirst as chlorid 
of silver and the Jast as sulphate of lead, and may be deter- 
mined by assaying it after incinerating the filter. Mercury 
{contained for example in many fahlerze) is indeed thrown 
down with the copper, but is voJatilized by igniting the cop- 
per in a porcelain crucible or on a roasting dish in tlie muffle, 
whereby the copper also passes into pulverulent black oxyd, 
and after two ignitions is weightid as such. One hundred parta 
of oxyd of copper contain 79.826 of metallic copper. The 
oxydation may be promoted by dampening the coppei' with 
nitric acid before ignidon. 

The so-called copper slate (Kupferschiefer) must, before 
treating with aqua regia, be ignited to remove the bitumen. 
If the substance cannot be completely decomposed by aqua 
i-egia {many slags for example) it is first fused in the finely 
pulverized state with about two to two and a half parts of 
carbonate of potassa or calcined carbonate of soda in a clay 
crucible at a red heat in the muffle or in a platinum cmcible 
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over a spirit lamp. If the assay sample contains Hme, diffi- 
cultly soluble sulphate of lime is formed, which oiay however 
be dissolved out by repeatedly washing the copper with boil- 
ing water. 

The presBDce of iron, nickel, cobalt, manganese, and zinc 
io the assay substance does no harm, as their sulphates are 
not decomposed by iron. 

While by the older method an assay might last from one 
to two days, during which time. Indeed, as many assays might 
be siiunltaneously conducted as the arrangements otherwise 
allowed, all the operations of this newer method require but 
from two and a half to three hours, with an ore containing 
two to seventy per cent, and more of copper. 

With respect to the accuracy of the assay, with suitable 
substances, as the expeiimenls at the Oherhant smel ting-house 
and the investigations of «o« ^TwSeri Lave proved, it leaves 
nothing more to be desired as a business assay. At the 
smelting-house alluded to, the different assayers are allowed 
two per cent, difference, which is bowe-ver very large, 

Mohr has given an analytical accuracy to this assay, by 
performing all the operations as much as possible in the same 
vessels, conducting the washing with care, and precipitating 
the copper with granulated zinc free from carbon, instead of 
using iron, which liberates coal. As a business assay, how- 
ever, the Oberharz method, ia to be preferred on account of its 
simpler practicability. 

If bismuth, goid, tin, antimony, or arsenic are present in 
the substance to be assayed, the method described requires 
different modifications according to whether arsenic is present 
or not. The presence of bismuth, which moreover seldom 
occurs {e. g. in many foMerze, cupreous bismuth), also necessi- 
tates a special assay treatment. 

a. Arsenic is not present. One assay centner of the ore, 
etc., is decomposed at a more or less high temperature by 



.lec.y Google 



ASSAY OF COPPER. 79 

nitric a(;id, so that gold, oxyd of antimony, and oxi/d of tin 
remain in the residue, as also silver, if some chlorid of 
sodium is added to the solution. It is now filtered, tlie pre- 
eipitite washed with water, the filtrate evaporated, to expel 
the nitric acid, and to separate any lead that may be present, 
with sulphnrie acid (page 75), and the copper precipitated 
from the filtrate in the usual way. Mercury, if present, is 
removed in the manner stated above (page 77). 

b. Arsenic is present. One assay centner of ore is decom- 
posed ill a beater or a roomy flask with as little aqua regiaaa 
possible, the free acid neutralized with soda, or even snper- 
sal urated so that a precipitate separates, and the mass digested 
with excess of solution of siilphid of sodium for some time 
(perliaps half to three quarters of an hour) afc almost boil- 
ing heat. The solution of sulpbid of sodium is prepaned by 
igniting and lixiviating a mixture of two parts of anhydrous 
carbonate of soda and one part of coal dust or flour. To the 
filtered solntiou of this salt flowers of sulphor are added in 
excess, which partially dissolve in it and increase its capacity 
for dissolving the electro-negative sulphids o?gold, antimony, 
arsenic, and tin, by forming with tbem sulphur salts, while 
silver, lead, copper, mercury, iron, sine, manganese, nickel, 
and cobaU are sulphurized by the solution, but not dissolved. 
I'he two groups of metallic sulphids are separated by filtering 
and the sulphids of the last group, which remain on the filter, 
well washed with cold water. The finger is then held over 
the bottom of the funnel, concentrated nitric acid poured on 
the filter, and the sides of the funnel carefully heated by 
slowly revolving it over a spirit ]a.mp. The sulphids thus 
paitially dissolve in the acid, but separate completely from 
the filter, so that by punching a hole through the bottom of 
it they can without difficulty be washed into a beaker. Here 
they are completely decomposed by heating with the nitric 
acid, the latter removed with simultaneous separation of the 
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lead, by hentijig with sulphui'ic acid, and tlie process continaed 
as heretofcire prescribed (pages 76-76). 

c. Sisniuth is present. After gold, antimony, arsenic, and 
tin have been removed, if necessary, in the manner prescribed 
under a or b, carbonate of ammonia in excess is added to ttie 
6i)lutioii obtained, which contains copper and bismuth. By 
this the copper is dissolved, whiln bismuth, lead, and merewi-y 
are precipitated as carbonates. After a while the blue cop- 
per solutiou is filtered off, the carbonate of ammonia super- 
saturated with sulphuiic acid, and the cojjper precipitated 
from the solution with iron. Should much iron and alumina 
be contained in the solution that has been freed from gold, 
antimony, arsenic, and tin, then in the precipitation with car- 
bonate of ammonia a slimy precipitate ia formed which may 
retain much copper. In such a case the solution is evaporated 
with sulphuric acid, and the copper precipitated in the usual 
way with iron. Since, however, the copper then contains bis- 
muth and mercury, it must be redissolved in nitric acid, and the 
solution treated as above with carbonate of ammonia. 

Synthetic expevimcnta with substances of most varied com- 
position have proved that this modified assay yields sufficiently 
correct resulw as a docimastic assay with oiea contuom^ two 
to seventy per cent, and more of copptr Eithei the precibe 
percentage of copper weighed out is a^jim obtimel or wu i 
the richer ores a difference of at most twi per cenl occurs 
between several assays of one and the same kind 

By means of the OfierMrz assay and Ifeme's coloiimetric 
assay (page 81) the copper contents of all substinoes, nch 
and poor, can be docimasticaliy determmed with suflicient 
iccnraoy. By the Oherharz assay, pi-oportions of two to three 
per cent, and over are determined, and by Seine's mode the 
lesser ones down to .03 per cent. 
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B, Colorimetria Copper Assays. 

Tbese are bashed upon the fact that ammonia a<lileil in ex- 
cess to the sniutiona of salts of copper, pioduces a btauliful 
azure blue color, whoiG intensity depends upon the quan- 
tity of copper dissolved. By comparing the shades of blue 
color in equally thick layers of the dissolved ammoniated 
assay substance (assay fluid), with a normal or standard am- 
moniated Buid whose copper contents are known, the quan- 
tity of cupper in the former can he calculated when its volume 
is measured. 

To Seine, the superintendent of the smelting works in 
Mansfdd, belongs the meiit of having firat successfully em- 
ployed this reaction for the detennination of hmall percent- 
ages of copper, and later it has been also extended hy Jacqiie- 
lain, von Hubert, and IMuUer, to the determination of lai'ger 
quantities of copper. 

1 . Heine's Colorimetric Method. 

For the docimastie determination of the quantity of cop- 
per in bodies poor in this metal, e. g. in slags, lead matte, lith- 
arge, crude lead, and other plum biferousmetallurgical products, 
tin, cupelled stiver, etc.; in short, in all substances which 
contain from a trace to about one per cent, or a little more 
of copper, this method is the most advantageous to be used. 

AtVer the assay sample has been rednced to as fine a state 
of mechanical subdivision as possible, which with slags is best 
attained by sifting or washing them, one centner (3-4 
grammes) of it is weighed out and dissolved or so fully de- 
composed by a suitable acid that in the residue, which is to 
be iiltered and well washed, no more copper remains behind. 
For this purpose niti-ic acid or aqua regia is employed, accord- 
ing to the character and peculiar behavior of the substance, 
and the nitiic aeid is concentrated or somewhat diluted, as 
m.aybe required. The solution is either immediately, or after 



.lec.y Google 



the copper has been lifst precipitated by hydro-sulphuric acid 
gaa or iron and again dissolved, strongly supersaturated with 
caustic ammonia, and the precipitate, if any, thereby produced, 
steeped in the caustic ammonia for a considerable time, and 
with frequent stirring at a very gentle heat (30''-40'' C), 
then filtered off and thoroughly washed. According to the 
quantity of copper present, and according to the degree of 
dilution, Hill the solution obtained, which if it should be- 
Lonie at ill turbid must be once more quickly filtered (e.ff. 
wifh refined anil crude lead), appear more or less strongly 
colored blue The volume of the solution is measured in gra- 
duated ^ Chsels, and the intensity of the color compared with 
and detei mined fiom fluids, which have been previously pre- 
paied IS standard fluids, and which, for a definite volume, 
contain a definite, accurately weighed quantity of copper, 
that his been diisohed in nitric acid, precipitated by caustic 
ammoni'i, and redissolved in excess of the same. From the 
measured \ohirae, and the intensity found by comparison, the 
quantity of copper is then determined by calculation. 

Sfuv pioposes standard fluids with one, two, three, and 
fonr assay loth of copper in one ounce (two loth, commercial 
weight) of the ammoniated fluid. These four standard fluids 
are ali-sufBcient. 

If the French weights and measures are used, standard 
fluids are taken with .001 .002 .003 .004 grammes of copper 
to every twenty-five cubic centimetres of the fluid. 

The graduated vessels (cylinders) required for the prepara- 
tion of the standard fluids as well as for the measuring of the 
assay fluid can be easily prepared by the assayer himself. 
One quarter of an ounce of water is weighed out a number of 
times in succession and poured into the cylinder, and each 
time the height of the fluid is marked in a durable manner 
on the glass with a diamond, or by etching it with hydroflu- 
oric acid vapors, et«. Also earthen or porcelain measures, 
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tiiat are preparcil and marked for the volumes that hold one, 
two, three, four, etc., ounces of water, may be used. 

It is not practicable to replace the volumetric measurement 
by weighing, for the quality and quantity of those substances 
which are soluble in acids and not precipitated by ammonia, 
or are again dissolved by it, may vary greatly in the assay. 

In the formation of the noi-mal fluids, two assay pounds of 
chemically pure (galvanic) copper are weighed out on a good 
balance, dissolved in nitiic acid, the solution supersaturated 
with caustic ammonia, and plated in a graduated cylinder, 
which is divided to whole, half, and quarter ounce volumes 
of water, and then water enough is added to bring the fluid 
to the sixteen ounce mark. The fluid then contains ^a .^ 4 
loth of copper pt-r ounce. Sis ounces of this four loth solu- 
tion are then taken, two ounces of water added to it and 
eight ounces of fluid obtained, with \* ^ 3 loth of copper to 
one ounce of water. The two loth solution is formed in ii 
similar ivay by diluting four ounces of the four loth solution 
to eight ounces; the one loth, by diluting four ounces of the 
four loth normal fluid to sixteen ounces. In the measuring 
of the assay fluid it is estimated within one-eighth of an ounce, 
widch is sufficiently close. If in the dilutions a mistake it 
actually made of one-si\:teenth of an ounce, the maximum of 
possibility, the error amounts to about tffo cubic centimetres, 
which in a whole mass of fluid of 200-500 cubic centimetres 
has no influence upon the solution that can be detected with 

The preservation of the standard fluids as well as the com- 
parison of the blue assay fluids with them must take place in 
glass vessels closed with ground glass stoppers. These ves- 
sels must have the same form and size, consist of the same 
colorless glass, and have an equal thickness of glass in the 
smooth side-walla. The last condition is obtained the surest 
by grinding. This grinding, however, which notably in- 
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creases the cost of the glasses, is not indispensably necessary, 
if the vessels are carefully formed and blown in a good glass- 
house. An oblong form is most advantageous for the vessels. 
They hold about an ounce and a half of fluid, and are about 
two inches long, two and a half inches high, and one inch 
wide, with walls about one-eighth of an inch thick. 

The glasses are very ad\antageous]y formed from an un- 
blemished sheet of plate glass of equal thickness throughout, 
either by fusing or cementing the sides together and the 
insertion of a glass or platinum neck. The assayer has in the 
fonn of vessel indicated a triple contiol in the comparison of 
the assay fluid with the normal solution, according as he 
looks throTigh the fluid in three different directions. 

The digestion of the assny sample with acid may take 
place in any suitable vessel 'whatever, a glass flask, a beiiker 
covered with a watch-glass, &o., only no thumping and spii-t- 
ing of the fluid should be possible in the prot-ess. The nitric 
acid, etc., must be added Utile by little. The time required 
for this may vary greatly. The solution of cupelled silver,* 
skimmings, etc., with nitric acid is finished in a short time ; 
on the other hand, in the examination of difficultly decompos- 
able slags, with which concentrated nitric acid or aqua regia 
will always be nsed, the digestion often requires to be con- 
tinued in a warm temperature for two to three times twenty- 
four houj-s. The mass must be frequently stirred with a glass 
rod, because many slags decompose rapidly with evolution of 
heat, form a thick jelly, and deposit a crust on the bottom of 
the glass. Sub-, singulo-, and bi-silicate slags, mostly decom- 
pose readUy, higher silicates resist complete decomposition 
by aqua regia, and then a preliminary solvent ignition or 
fiision with carbonate of potassa or calcined carbonate of 

* With cupelled silver, after disaolving in nitric aeid, the silver may be 
predpitated with chlorid of sodium, the clilotid of silver filtered, wash"d, and 
the soludon then raised with cai 
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soda; or better, a mixture (if both is necessary, precisely in 
the manner given in the wet assay of copper, page 77. Hure 
also it does no harm if some of the substance of the crucible 
remains adhering to it. 

The decompositiot! of the alaga by acid is complete when in 
the Stirling with a glass rod no more grating can be perceived. 

After hot water has been added to the decomposed assay, 
the residue is collected on a filter, well washed out, without 
diluting the liltrate too largely, and the copper precipitated 
from the solution if necessary with hydiosulphuric acid gas, 
especially when a notable quantity of alumina and iion is 
present, whose slimy precipitates from the immediate preei- 
pitalion with ammonia always retain copper. This precipita- 
tion of the copper has also the advantage that, as cobalt and 
nickel do not precipitate with it, the coloring effects which 
they would produce if present are removed. Since the 
sulphid of copper requires for its solution but a few drops of 
nitric acid, in the succeeding treatment of the solution with 
ammonia, but a small quantity of ammoniacal salt is formed, 
and the specific gravity of the colored fluid varies bat very 
little fi-om that of water and the normal solution. With the 
increase of the specific gravity of the assay solution, its 
volume is considerably increased, and tlierefore it gives too 
large a measure in the direct precipitation with ammonia. If 
the precipitation with hydrosulphuric acid gas is completed 
in four to six hours, the sulpliid of copper is filtered out, 
thoronghly washed with cold water containing hydrosulphuric 
acid, the filter dried, ignited in a porcelain crucible, the osyd 
of copper formed, warmed with a few drops of nitric acid or 
aqua regia, supersaturated with ammonia, filtered, and well 
wasted till the washings .ire no longer tinged bluish. 

A precipitation of the copper with iron wire (page 75) from 
a solution evaporated with sulphuric acid, and a re-solution 
of the copper in nitric acid, consumes less time. If the coppci 
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is not previously precipitated, en-ors of some tliirty per cent, 
and more of the whole amouiit of copper may occur. By re- 
peated solution of the iron precipitate and precipitation with 
ammonia, all the copper cannot, however, be extracted. 

In the examination of litharge, (he solution in nitric acid 
may be dispensed with. The oxyd of copper can be at o)ice 
extmcted from it with caustic ammonia; however, the 
litiiarge and ammonia must then be allowed to work at least 
twenly-foiir hours on each other, with very diligent stirring, 
and moreover the lithitrge mast be rubbed very fine. 

The ammoniaca! solution obtained from the assay is now 
well stiiTed, so that it may mix with perfect uniformity with 
the last washings; then, either the whole or a part of it is 
placed in a clean assay glass, and compared with the standard 
fluids in similarly formed glass vessels standing on a sheet of 
white p'jper Should it curreipond with none of them m the 
intensity of its color, the whole of the flmd is diluted some- 
what with -water, until thii is the case Its volume is there 
upon measuied m the gliss ve'-sel graluated to ounces, ett , 
and noted Foi a check, the dilution mar be carried &ti!l 
farther till the coloi of the ibsi^ orresponls to the ntxt 
more fimtly coIoLed standard fluid, and then the mereisel 
volume be measured inew This might perhaps be sull 
again repeated, but it becomes more and more uutei-tam 
The calcuhtion of the petcentage ot copper trom the inten 
sity and the volume found thin presents no fuither difiiLulty 

Suppose thit the assay fluid agiees with the noimal solu 
tion of four loth of copper to the ounce cf water, and its 
quantitj amounts to fi\e ounces, then the quantity of coppci 
in the centner of the assay substance is 5x4^20 loth. This 
fluid further diluted till it equals the normal solution with 
tljree loth of «;opper, must measure six and two-third ounces 
if the obtained value of twenty loth is to be conflrmed. 

According to Heine's experiments, the possible error ot 
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observation in the coiiT|j.irj9on and measurement di;scnbed, 
amounts ae a ma'^imum with the stionger normal solutions 
(with sixteen loth and over) to three quarters to one loth, 
with the weakei ones to scircely half a lolh of copper. In a 
centner of the assay substance, one loth of copper —.03 p<.'r 
ceiit, can still be determined with certainty, 

Je Play detenniiied in finely pulverized and carefully 
washed copper slags, the copper in one gramme of the poor- 
est slags to within half a milligramme, and of the richest 
shigs to within one milligramme, by using twenty-six stand- 
ard fluids with various percentages of copper in cylindrical 
vessels. The comparison of colors in round vessels is moi-e 
uncertain than in oblong ones, since in the former the light is 
dissipated and shadows are produced. 

If a substance contains so little copper that the fluid does 
not equal the most faintly colored standard fluid in intensity 
of color, .the assayer mast endeavor to remedy the matter by 
evaporating till this is the case. An evaponttion is, however, 
avoided if possible, first because of the loss of time, and 
also because other precipitations, carbonate of lime, etc., are 
apt to be caused by it, and because, when it has to be con- 
tinued too long, so much ammonia is veiy apt to be volatil- 
ized, that a new addition of it becomes necessary. 

This method of assaying soon finds the limits of its accn- 
racy in an increa.sing percentage of copper in the assay sam- 
ple, since with fluids rich in copper and therefore strongly 
colored blue, the errors of observation soon amount to several 
loth. And to seek then to better oneself by diluting largely, 
yields no more accurate resnits, since a small ei'ror of obser- 
vation in determining the intensity of the color, is so much 
the more multiplied in the calcuI:ition of the value by tbe 
greater number of the ounces. 

If nickel is contained in the assay substance, the assay can- 
not be conducted in the way prescribed, since the nickel is 
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extracted by tha acids, and dissolves also in caustic ammonia 
with a blue color. The assay may also become uncertain from 
the prestnce of much manganese, cobalt, or chromium, since 
ihey render the hue of the blue color dingy. Chromium. 
may be completely removed by a slight boiling of the ammo- 
niaoal floid ; not so cobalt. The presence of vanadium or 
molybdenum does no harm. 

If nickel, or much cobalt and manganese are contained in 
the assay substance, the solution obtained by acids and fil- 
tered, though not further diluted, must first be (iecomposed 
by metaJlic iron. What is thrown down by the iron is collected 
on a small filter, washed thoroughly, and then, together with 
the filter, treated with dilute nitric acid. When the oopper 
is all dissolved, this solution is supersaturated with caustic 
ammonia and then managed as above. With higher percent- 
ages of copper the process of the Swedish copper assay If 
used for determining the valne. The precipitation of the 
copper may also be performed with hydrosulphiiric acid gas. 

Xe Flay removes the injuiious influence of manganese, 
nickel, and cobalt, by allowing the green or violet- colored 
ammoniacal solution to stand open to the nir for several 
weeks in a moderately warmed drying furnace, whereby a 
few vaiiously colored gelatinous flocks are gradually depo- 
sited, and the fluid, after the addition of a few drops of am- 
monia, then becomes pure blue. 

According to Jacquelain and von Hub&ft, nickel and cobalt 
are in a simple way rendered perfectly harmless by gradually 
adding white pulverized marble to the solution of the assay 
substance until the effervescence ceases, and then warming 
the whole on the sand bath, whei-eby all the copper is per- 
fectly precipitated as carbonate, while nickel and cobalt 
remain dissolved. It is now filtered, washed, the residue dis- 
solved in nitric acid, and the solution treated, as already 
exphiined, with ammonia. By the addition of carbonate of 
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to the amTOOiiiacal fluid, and heatiug, all tlie maugii- 
iiese preuipitjites, while the copper remains dissolvud in the 
excess of ammonia, and can be separated from the manganese 
precipitate by filti'ation. The manganese must have been 
prtSijnt as oxyd in the original solution, in order that the pre- 
cipitation by carbonate of potassa may be pei'fect. 

The assayer may convince himself whether nickel or cobalt 
is present, by slightly supersaturating a blue ammotiiacal solu- 
tion, obtained by the ordinary process of assaying, with hyilro- 
chlorio or sulphuric acid, then precipitating the copper com- 
pletely with iron, filtering the residual solution, concentrating 
somewhat if necessary, and now supersaturating with ammo- 
nii If the fiuii then remams colorless neither of the two 
metals is prebent a blue color mdn^ites i n,kel, a red one 
cobalt 

Sometimes the notmal solutions whith svben fiesllj pre- 
pircl appear <tzuie blue assume a greenish hue 'which i en 
deis the Lompans n diffit,ult if not impossibk Nitiate of 
cojper produ:'e8 with immonT-j i pute azure blue sulphate 
ot copper a llac coloi and (.blond of t,oppe gicenieh hucf 
Suljhurit, and hjdrochlonc atid are therefore avoided as 
much as possible in the solution But ne\ erthelesa, an 
as ay fl ii 1 may sometimes e j hy stji ding some t ne m 
the iir 01 bj slow filtrition bpcome gieen in which case the 
cDlor IS destio^ei by a tow drops of nitric ac d and ammonia 
aldi.1 anew But sometimes also tl e greenish c loi di^ap 
pea 8 if th solution stan Is in a lo\ eTcd ■> esse! m the air oi 
h\ the addition ot a tew drops of red anmomoosyd of 
cobalt 

According to Muller also the colir stanls in tht clc-est 
(.oiineotiJn with the quantity of immonia employed, an I it 
tlerefore lea Is to gi eater at,i.mac> in the assaj, if a titrated 
s lutifu of ammmia is used and the volume ot ammomacal 
iiuil noted, which, aftei neutralization of the leaidual fiee 
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acid, is used for tho solution of the copper. The solution 
appeai-a more intense when viewed with a gray bacliground 
than with a white one, A gi'eenish blue coloring becomes the 
more noticeable, the greater is the excess of ammonia, or the 
more ammoniacal salts are In the solution. 

2, Jacquelaiit's and von Kuherfs colorimetric assays. 

IfeZTic's method, for the reasons stated, is suitable only for the 
deteiinination of small quantities of copper. Jacguelatn has 
extended it to the examination of all cupi-iferous sabstances, 
and this process has been farther perfected by von Subert. 
According to the latter, a solution of any cupriferous accu- 
rately weighed substance is prepared, mixed with ammonia 
in excess, the ammoniacal solution (assay solution) measured 
at a definite volume, and a small, likewise measured portion of 
the measured solution, diluted with water, until its blue color 
shows an equal intensity with the blue color of another solu- 
tion (normal solution) also cupriferous and ammoniacal, whose 
loppcr contents are known once for all. Then, from the 
quantitj of water added, in oi-der to make the two fluids 
equil to each other in the intensity of their blue colors, the 
imount of copper in the substance under examination can be 
determine 1 by calculation. 

The normal solution is prepared by dissolving .5 of a gram- 
me of chemically pure copper in dilute nitric acid, adding 
ammonia in excess, and diluting with distilled water until the 
whole at 12" C. amounts to one litre =^ 1000 cubic centi- 
metres. The solution is filtered, and preserved in a flask 
provided with a glass stopper ground in to fit it. 

Foi' the pi'eparation of the assay fluid, with substances 
whose percentage of copper ranges from 1.5 to the highest 
per cent, two grammes, and with the poorer substances five 
grammes, are brought into nramoniacal solution with the pre- 
cautions specified in Heine's assay {page 84). This solution. 
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with over five per cent, of copper, is measni'ed at two hundred 
cubic centimetres, with two to five per cent, of copper at one 
hundred and fifty cubic centimetres, and with two per cent, 
and under, at one hundred ; and also, as may be requii'ed, at 
90, 80, 60, 50 c. c, according to the intensity of tlie fluid. 
Only with an extremely small quantity of copper is the assay 
fluid evaporated to a emaller volume, in order to he able to 
condoct the oolorimetrie test with accuracy. 

The comparison of the intensity of color of the assay fluid 
with the normal fluid is siccon»plished in two different ways, 
according as the former, when measured at a definite vohime, 
is darker oi- lighter than the latter. This can be seen if a 
small arbitraiy portion of each is poured into a glass tuhe of 
nine millimetres interior diameter, twelve centimetres in 
length, and uniform thickness, and the two tubes are held in 
parallel positions over a piece of white paper so that they rest 
firmly on it, and are inclined to it at an angle of about 46", 
and direct light falls npon them. Shadow should not fall 
wpon the tubes. 

a. The assay fluid ia darker than the normal solution. 
By means of a pipette, five cubic centimetres of the normal 
solution are placed in a glass tube closed -it the bottom and 
not graduated, and seven millimetres in interior diameter and 
twelve centimetres long. Since 1000 c. c, of the normal solu- 
tion contain .5 of a gramme of copper, five cubic centimetres 
contain exactly ,0026 and the ratio 5 : .0025 expresses once 
for all the known proportion of copper in the normal solution. 

Five cubic centimetres of the definitely measured assay fluid 
ai'e now also placed in a beaker and gradually diluted with 
water till they show the same intensity of color as the normal 
solution. In the comparison the assay fluid must be in a simi- 
lar tube to that containing the normal solution. With richer 
proportions a greater accuracy is attained in this comparison, 
if the assay fluid is so fiir diluted that its intensity still appears 
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as little as possible darkei- than that of tlie normal solution, 
and thon water added carefully, and drop by drop, till ita 
intensity is judged as little as possible lighter tban that of the 
nonnal solution, whereupon the mean of the two volumes 
noted is taken as the correct value. The nieasui'ing of the 
diluted assay fluid is performed in glass tubes of nine millime- 
trea intei'ior diameter and fifty centimetres in length, which 
fi'om their lower closed end to the circular mark designated 
by O hold exactly five cubic centimetres, and from 
upwards are divided into cubic centiinetres and their 

If, for example, two gi'ammes of the assay substance have 
been weighed out, the assay duid m.easured at 200 cnbic cen- 
timeti'es, and five cubic centimetres of it diluted to 8.2 cubic 
centimetres in oi'der to obtain an equal intensity of color 
between the normal and assay fluid, then the percentage of 
copper, X, follows from this according to the following chain 
of ratios ; — 

100 percent. 

200 c. c. assay fluid. 

8.2 c, c, diluted assay = normal solution. 

.0025 grammes of copper in noi-mal solution. 



X = 8.2 per cent, of copper. 

b. TAe assay fluid is lighter than the normal solution. In 
this case five cubic centimetres of the normal solution are 
diluted till their intensity is equal to that of the assay solution 
that has been measured at a definite volume, and for the com- 
parison larger tubes of nine millimetres interior diameter are 
used. 

If, for example, two grammes of the assay substance have 
been weighed out, 150 cubic centimeties of assay fluid ob- 
tained from it, and to get the same intensity of color, five cubic 
centimetres of the normal solution diluted to 8.4 cubic centi 
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metres, tlio quantity of copper x amounts according to the 
following t'hain of ratios, to 2.205 per tent. 



100 per cent. 
150 e. c. asi-ay solution. 
5 c. o. normal solution. 
.0025 grammes of copper. 



a; = lfl.8 I 37.5 = 2.20.S per cent. 

This assay is adapted for all cuprifei'ous aubstnnces!, since 
nickel, cobalt, and manganese, wliicli would influence tlie 
result unfavorably, can be removed without particular difficul- 
ty (page 89). It is also easy to be learned by those less 
practised In analytical operations, can be completed in a few 
hours, and is favlessexpeneivctban the dry assay. From two 
to one tenth per cent, of copper even can also be determined 
by it with accuracy. 

Heine, however, prefers his method whtn a small percen- 
tage of copper is to be determined, since by it even one loth 
of copper ill the centner =. .03 per cent, can bo determined, 
and thei-e is less liability to error. While in slag assays with 
nine to eighteen loth of copper in the centner, by Seine's 
method, errors of half a loth are not to be avoided, variations 
of more than one loth oaoavhy von SvMrt's process. The 
latter works with a too deeply colored novmal fluid, which 
corresponds to a solution of over fourteen loth of copper to one 
ounce of water, while Heine does not exceed four loth. The 
process is surer if the flnids aie diluted and thicker laj'ers of 
tiiein compared, and thus the hue made artificially deeper, than 
if small quantities of stronger fluids are compared and the hue 
made artiflcially lighter by comparing them in thinner layei-s, 
or especially in tubes, where the light is dispersed and shade 
produced. The comparison in oblong glasses is therefore to 
be preferred to that Iti tubes. 

By a comparison of wore Huberts assay with thai of the 
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Oberhurz (page 75) it appears that, as von ItiAhei^a experi- 
ments themselves have shown, both give equally accurate 
results foi- substances not too poor in .copper (/. e. containing 
liot less than .5 per cant.). The Oberhurz assay allows a 
direct determination of the copper, requires less apparatus, is 
also very simple, and caJi be completed in a shorter time. 
Since difl'eieiit individuals are differently susceptible to colors, 
and the blue color of the ammonio-oxyd of copper, in conse- 
quence of causes yet unknown, sometimes iziclines more or 
less to greenish and thereby renders observation difficult, 
therefoi-e for the sake of greater certainty though not of 
greater accuracy, those assays should in general be pieferred 
to the colorimetric methods, by wliich a determination of the 
copper is possible by weight, and this is the case with the 
Oberharz assay down to two per cent. With smaller per- 
centages the colorimetric assay must be called to our aid. It 
is not yet settled that with higher percentages of copper the 
principle of colorlmetry is a correct one, tliat is, tliat the 
intensity of the color Is directly proportional to the quantity 
of the coloring ageiit. 

Since ammoniaeal solutions poor in copper often show a 
dash of greenish, von Hubert pi-epares a nonnal solution for 
such by dissolving one decigramme of copper and diluting 
to one litre of fluid. 

3. A. MulUr's assay with the complementmy colorimeter. 

Miiller has sought to remove the uncertainties in the com- 
parison of colors which arise in direct inspection, by a new 
colorimeter, which is based upon the neutralization of the 
color to be measured, by its complementary color. For cupri- 
ferous ammoniaeal fluids a more or less reddish yellow is suit- 
able, according to their character. 

This process, for the detailed management of which refer- 
ence must be made to the publications of MuUer, consists 
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aBsentially in determining in millimeti'es the height of the 
column of fluid of a dilute ammoniacal solution with a known 
percentage of copper, which, when the laterally felling light 
is cut ofi", with a complementarily colored glass platy placed 
over the fluid, will produce the neutralization point, i.e. white 
light. For every testing of an assay fluid instituted with 
the same glass plate, the percentage of coloiing matter then 
foll()ws ill inverse proportion to the actual height of the 
column of fluid. If the volume of the assay fluid is also mett- 
sured, which is directly done with great accnracy in the appa- 
ratus itself, all the data are obtained for the calculation of 
the amount of copper in the assay substance, after the necea- 
saiy correction:!, constant for each insliument, have been taken 
into ccnsideration. 

As the experiments of Heine^ and also investigations made 
in the metallurgical laboratory at Claitslhal, have demon- 
strated, large and small quantities of copper can be quickly 
determined with great accui-acyby means of this colorimeter. 

c. Volumetric copjter assays. 

Volumetric methods for the determination of copper have 
been proposed by M de JTaen, Lieshing, 0. Mo/ir, Pelouze, 
Streng, and Sohwarz. For docimastic purposes m-e to be 
recommended under certain circumstances the methods of 
Fdouze and Schwarz, as also the latter with the modification 
of J: Mokr. 

1. Pelouze^s copper assay {precipitation analysis) with stil- 
phid of sodium. 

This is based upon the £ict that copper in its blue ammo- 
ni:ical solution is precipitated by sulphid of sodium before 
most other metals (lead, tin, zinc, cadmium, iron, antimony, 
arsenic, etc.), and the completion of the reaction is indicated 
by the disappearance of the blue color. During the process, 
howevei", the copper soluiion must be heated to 65 — 85° C, 
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for only tfien does a permanent compound of 5 Cu S -f CaO 
Ibim. 

After the ammoniacal solution obtained from one gramme 
of the assay substance has been heated in a beaker to 
65 — 85'C,, titrated solution of aulpbid of sodium is added 
to it from a burette, until the bine color has disap[>eared. 
Fi'om the quantity of the solution of 8ulj)hid of sodium used, 
about tbiity to thirty-two cubic centimetres of whicb must 
precipitate one gramme of copper, the quantity of copper in 
the assay can then be calculated. 

Nickel and cobalt interfere somewhat with the reaction on 
account of their coloring properties. 

For the preparation of the sulpJdd of sodium, a caustic 
soda lye is first produced. One part of pariHed crystallized 
carbonate of soda of commerce is diss'ilved in five paits of 
water, brought to boiling in a clean cast-iron keitle, and 
lime pulp added (with avoidance of all wooden spoitns, etc.), 
at intervals of a few nnuutea, till a small quantily of the lye, 
after filtration, no longer effervesces with sulphuric acid. {The 
lime pulp is produced by pouring at once over the caustic 
lime in an earthen vessel sufficient water to ouiivert it into a 
thin pulp.) 

The solution is further boiled about a quai-ter of an hour, 
the kettle then removed from the ficc, provided. with a clean 
cover, and the lime allowed to settle in it for about six hours. 
The lye is then drawn off with a syphon into flasks, whieh 
are immediately closed with corks well sealed with was. 
The residue is once more stirred up with water, allowed to 
botl awhile, then to settle, and drawn off. The lye is then 
evaporated in the cleaned kettle to a specific gravity of 1.16. 
After it has bi'come cool in the covered kettle, it is drawn 
off into flasks which are closed and sealed like the othei's. 
Tiirough the stopper pass two tubes air-tight, one a syphon 
tube provided at the bottom with a spiirtg cock or clamp 
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(Figs, 25-30), and one, an ordinary ehloiid of calcium tube, into 
wliieh a cotton wad is loosely slioved, and on this a mixtui-e 
of swljihate of soda and caustic lime placed to absorb the 
intruding carbonic acid. Crystallized sulphate of soda and 
quick-lime are triturated together in about equal volumes, 
allowe<l to slake completely, and the mixture, which absorbs 
carbonic acid with great avidity, dried over an open fire. By 
opening the spring cock the fluid flows out. 

Washed hydros ulph uric acid gas is conducted into the 
caustic soda lye till a sample of the fluid mixed with solution 
of sulphate of magnesia is no longer rendered turbid. The 
proper solution of sulphid of sodium is then obtained. 

In order that no bubbles and no foam may be formed in 
pijuring the titrated fluid into tbo buvette, it Is first poured 
into a small inclined funnel so that the fluid may run down 
the sides of the tube. The latter, which is placed perpen- 
dicular in a stand (Fig. 25), is filled .above the zero point with 
fluid, the spring cock then quickiy opened in order that all 
the air may be driven out, and the fluid allowed f o sink so 
far that the lower edge of the concave arc, the meniscus 
formed by its sui'faoe, is exactly even with the zevo mark. 
After tiie assay, the lowest point of the arc is again taken as 
the guide in the reading. 

Instead of the spring cock buretle the burette of Gay Lus- 
sac, or a modification of the same by Mohr (Fig. 27), or any 
other convenient form of burette may be used. 

This assay, to be recommended for its quickness, is only 
adapted for more or less pure copper and its alloys; with 
moi-e com|ilex substances, ores, metallurgical products, etc., 
the end of the reaction does not distinctly appear, since brown- 
ish or greenish shades of color are produced, which conceal 
the blue. Another di-awback is the gradual changing of the 
solution of sulphid of sodium by access of air, so that it must 
be frequently titrated. 
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2. Schwai-z's method with the modification of F. Mohr. 

.634 grammes of the assay substance are dissolved in waler 
or acid, the aolntioii placed in a fiast, the excess of acid neu- 
tralized with carbonate of soda, a small quantity of neutral 
tartrate of potassa and caustic potassa or soda added till ali is 
dissolved to a deep blue fluid. If this does not take place at 
once, more tartrate of potassa is added. The solution is 
warmed to 40-50° R., and pure stai-ch- or honey-sugar, or 
pure white lioney added, with frequent shaking, whereby tiie 
osyd of copper is gradually reduced, and finally a fire-red 
pi-ecipitate of suboxyd of cop|>er produced, so tliat the fluid 
assumes a yellowish color. With too strong boiling the pre- 
cipitate becomes brownish red. The diluted fluid is filtered, 
th( precipitate well washed with bot water, and together with 
the filter put into a wide-necked flask, and a suitable quantity 
of chlorid of sodium, and then hydrochloric acid added, 
whereupon the suboxyd of copper dissolves to colorless eub- 
cblorid of copper, forming an easily soluble double salt wiih 
the chlorid of sodium. Without removing the filter, titrated 
solutionof permanganate of potassa is then added to the solu- 
tion from a Gay JJussac burette, with constant stiri'iug until 
its rose-color, which is destroyed by the oxydation of the sub- 
oxyd of copper, ^ain appears. The pei-manganate of potassa 
solution is so titrated that 100 cubic centimetres of it cor- 
respond to .56 gramme of iron. The cubic centimetres used 
then give the copper in per cents. 

The calculation depends upon the fact that one atom of 
suboxyd of copper, Cuj 0, takes one atom of oxygen from the 
peimanganate of potassa to form oxyd of copper, and two 
atoms of protoxyd of iron, which contain two atoms of ii'on, 
■also take one atom of oxygen to form sesquioxyd of iron ; 
hence one atom of iron corresponds to one atom of cojiper, or 
twenty-eight of ii'on to 31.7 of copper, so that from the per- 
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C«iitage of iron which the titrated solution of permanganate 
of potassa gives, the percentage of copper may he calculated. 
This method gives accurate results, and is only on accoont 
of the filteriLig somewhat minute in detail. 

D. Otlier coj^r ctssays. 
Copper assays have also been proposed by Levol, and Byer 
and Sobert, as well as Jtivot. 

1. JjCUoI treats a solution of ammonio-oxyd of copper, with 
exclusion of air, with a weighed strip of copper, by which the 
oxyd of copper is reduced to sub-oxyd. From the loss which 
the stiip of copper suffers, the quantity of copper in the solu- 
tion can be calculated. Tliis assay is indeed accurate, if no 
other substances ai'e present which oxydize copper, but it 
requires several days' time, and the copper is detei'rained by a 
difference, which is always more uncertain than a direct deter- 
mination. 

A similar assay, in which, however, instead of an nmmo- 
niacal solution, a hydi'ochloric acid solution is used, has been 
given by Runge. 

2. Robert and Ryer precipitate the copper from its solution, 
by a simple galvanic apparatus, on a weighed plate of cop 
per, whose increase in weight then gives the quantity of c0|j- 
per in the assay. The operation lasts ten to twelve hours, 
and no other similarly precipitable metals should be present. 

3. Rivot precipitates the suboxyd of copper from its solu- 
tion as snlphocyanid of copper Cu. Cy, S, and from the weiglit 
of th^ salt calculates the amount of copper directly, or after 
it has been converted into Cu.S by igniting with sulphur in a 
covei'ed porcelain crucible at a red heat. 

This method is indeed accurate, and generally practicable, 
but it requires a complete acquaintance with the analytical 
operations and the observance of a mass of small precautions, 
Bo that it does not differ from an analytical process! 
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Sulphid of copper obfainec) by precipitating with Jiydvosul- 
pharic acid passes by ignition with siilphui- after drying into 
Cue S, fi'om which the copper may be calculated, 

II, — ASSAYS FOE SUBSTANCES POOK IX COFFEE. 

Coloritnetric cojyper assay. 

Fo. Eubstances poor in copper (slags, refined lead, crude 
lead, etc.) Seine's method (page 81) is exactly suitable, 
since smaller quantities of copper {.03 per cent.) can be deter- 
mined by it with greater accui-acy than by the colorimetric 
methods of Jacquelain, and von Hubert (.1 per cent.). By 
means of MuUer's complementary colorimeter, in five cubic 
centimetres of solution, .05 per cent, of copper in the assay 
can. be determined; but ffeine'a process requires less complci 
and costly apparatiis. 

" Copper slate'''' must, before the treatment with :i€ids, be 
ignited. 



i UPON THE COPPER ASSAY. 

Charging of the copper assay at Schemnitz. 
To one centner of well-roasted assay powder, thi'ce centner 
of black fills, ten to twelve pounds of borax, and a chloiid of 
sodium covering. 

Fleitmann's copper assay. 

Tiie following coui-ses aie pnrsued, according as nitric ncid 
is used or not for the solution of the cupriferous substance. 

1. If the solution is Jree Jrotn nitric aeid &nA troxn. trovhYe- 
some metals, such as .■mtimony and arsenic, tbe copper is pre- 
cipitated with zinc, the excess of zinc removed by digesting 
with dilute sulphuric acid, and the precipitate well washed 
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and dissolved in an acid solution of sesquichlorid of ii'on. 
The solution takes piace rapidly, and yields the double equivr*- 
leiit of protoxyd of iron, which is determined with titrated 
solution of permanganate of potassa in the usual manner 
(page 98), The eoiution in ehlorid of iron and the detenni- 
nation with permanganate of potassa, takes hardly so much 
time as the drying and weighing of the spongy copper. 

2. In. the, presence of nitric aeid the osyds of iron, lead, 
bismuth, etc., are precipitated by ammonia, the fluid filtered, 
and the copper precipitated from the ammoniacal solution 
with finely rasped or scraped zinc. The precipitation pro- 
ceeds rapidly at a moderate heat, and its completion may be 
known, in tiie absence of nickel, by the disappearance of the 
blue color. The copper is then treated as above. 

K arsenie is present it is converted into arsenic acid in the 
solution by the addition of nitric acid, chlorate of potassa, 
etc., then mixed with ammonia in excess, arsenate of ammonia 
and magnesia precipitated by sulphate of magnesia, the mass 
filtered, and the copper thrown down from the filtrate as 
above, 

Seine's eolorimetric copper assay. 
In order to find the very small quantities of copper that 
injure lead, that is to bo used in the manufacture of white 
lead (.01 per cent, and less), as high as thirty assay centner of 
the substance must be dissolved in nitric acid, the eolntion 
evaporated to dryness with sulphuric acid, the dry mass ex- 
tracted with water containing sulphuric add, and then ammo- 
nia added. 

Volumetrie method with cyanid of potassium. 

According to Mohr, the cupriferous compound is brought 

into ammonio-oxyd solution, and a titrated solution of cyanid 

of potassium added, until the blue color disappears, without 
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the formation of a precipitate. The cy.anid of potassium solu- 
tion ia titrated by means of metallic copper, so that one cubic 
centimetre of it corresponds to .01 gramme of coppci-. 
This method is far preferable to that of Felouz^.. 
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CLASSIFICATION OF SIf.VEE ASSAY. 

TuE determination of the quantity of silver in ores, metal- 
lurgical products, etc., may l>e accomplished in the dry or in 
the wet way. 

The assays of silver in the dry way belong to the oldest 
and most accurate processes which the art of assaying pos- 
sesses. For their coiTect execution, attention and practice 
are especially required, as also a proper choice of the method 
of examination for the precise case in hand. AH assays in 
the diy way amount in the end to this : that the silver con- 
tained in the assay sample is obtained combined with lead, 
and then the lead removed from the argentiferous button by 
a process of oxydation {cupellation) which is performed upon 
a porous vessel (« cupel). The latter absorbs the osyd of 
lead formed together with the foreign oxyds, while the silver 
remains behind. 

This process is subject to manifold causes of error, among 
which the main one is the loss which takes place through 
volatilization of the silver, and through its oxydahility. 

Silver is in itself somewhat volatile, and when it comes in 
the shape of vapor into contact with the air it gives a red 
smoke (characteristic deportment before the blowpipe). Sil- 
ver is also often disposed to volatilization by certain other 
substances which become volatile at a high temperature, espe- 
cially by the compounds of arsenic, antimony, idno, and lead, 
which often occur with silver, as well as by an admixture of 
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cblorid of sodium, as the researches of Pkittner, MalaguU 
and Durocher, Klasek and others have proved. 

Silver is in itself difficultly oxydizable, but becomes o\y- 
dized by the presence of excess of oxyd of lead, remains with 
tlie latter in the state of oxyd, and passes together with it 
into the cupel, and hence arises the loss of silver by the ah- 
sorption of the cupel. This loss increases with the amount 
of silver in the assay sample, but on the other hand, with small 
quantities of silver, n&Maldgutt's and J)urooher's experiments 
have shown, it scarcely allows itself to be detei'mined. In 
poor argentiferous substances, and especially in commercial 
ore assays, this loss is not brought into consideration, on ac- 
count of the loss of silver in working silver ores in the large 
way, as well as on account of the unavoidable absorption by 
the cupel in assaying the I'eSned silver produced; on the 
other hand, it is taken into consideration in rich silver alloysj 
according to tables, the formation of which is based upon 
the results of accurate investigations (see the fine sil\'er assay). 

According to Plat'ner, the absorption by the cupel, with a 
content of one per cent, of silver, is indeed not at all pei'cep- 
tible by means of the balance; but becomes so, when the 
globule of diver obtained is large ; and reckoned accoi'ditig 
to its percentage of the silver present, it increases again, the 
smaller the globule of silver is. 

According to Sodemann the absoi-ption by the cupel, in 
ores with a few loth of silver in the centner, amounts to two 
to five per cent, of the silver contents. At the St. Andreas- 
herg silver refinery, the absorption by the cupel, according to 
Seidensticker, reckoned according to its percentage of the 
silver button obtained from the ofe, is taken at 
4 per cent, with 1^^ — i ^ 
„ u ii ii of , a I loth of silver in tha 
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The quantity of lead and the temperature used in tlie cupel- 
lition aswellasthe greater orlessporositj of tlie i.uiel e\ r 
cise an iraportint influence upon the imount ol the tbsoip 
li n 

It the lithir^e ib^orlicl by tho ciij el is relutel by i ki 1 
I a-v and the leal obtaineJ fiom seTual Bich aasiye eol 
leUed ind w thout the aldition ot a say lead Rcmfied and 
cupellel thff amount of the ibaorj tion by the c pel can be 
ietetniinel A loss of mhei bj the absirition of the cufel 
a£;iin tate<< place indeed in this eujellation but the imount 
ot it in compiiison mth the whole amoant of silver to be 
found in tie 'il!o\ is con'*tdeied too sniill to dtsene iny 
furthei noti<e 

In the eupelhn!; in the Inr^c wiy, silver is indeed nlso ab- 
Korbed along with the Iithaige into the substance of the 
hearth, lut by breaking up the heai-tb and mixing it with 
the next smelting rhargc, the eiher contained in it is for the 
most fart iet,o\tred, '■o that the product is greater than it 
should be according to the assiy, in which the absorption by 
the cupel is not taken mto consideration. A compensation 
for other los-,es therefore, a(,cnies to the sm el ting-house 
through the absorption by the cupel 

Although the dry 'iilyer assay according to the above, 
givLs th( amount of nih or too sraill by a vaHable quantity, 
it ncvtrthele-'s illiws of as high a degree of accuracy as 
alino>-t any othei mctil assay in the dry way, while by it, as 
Malaffuti^s and Durocher's experiments have proved among 
other things, the presence of the smallest quantities of silver, 
which elude all weighing and measuring (^-J^ milligramme), 
can be distinctly shown. The higher the percentage of silver 
in the ore, the more uncertain becomes the assay. 

ITie wet sUver assay, by which is generally understood the 
determination of the silver, accoi'ding to the directions of 
Gay Lussac, by means of a titrated solution of chlorid of 
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si m w th smaller percentages of silver, allows of great 
erro s or v elda no silver at all, but permits a more accurate 
det runaton than the dry way in substances ricli in silver 
( Uoys) whch can be easily brought into solution. This 
method is therefore generally nsed only in assaying bullion, 
etc., in mints, for the exact determination of the percentage 
io silver alloyed with copper, 

Aa al res (Jy stated, this assay is based upon the ^reciiiitation 
of the silver previously brought into solution, as chlorid of 
silver by a titrated solution of common salt. Since chloiid 
of silver is someTvhat soluble in solution of chlorid of sodium 
(one part in sixty parts), small quantities of silver, e. g. sj'jsj 
are not precipitated at all by the latter. Indeed, a portion 
of cHoild of silver dissolves also with substances richer in 
silver, in the cblorid of sodium, but the loss thus arising 
becomes vanishiiigly small. It varies essentially as the whole 
volume of the solution, and for equal volumes it remains 
almost constant in diiferent silver solutions, from which it 
appeai-s that the more silver is contained in the assay samplo, 
the more accurately is it determined. 

The silver assays in use may be classed as follows : 

A. Assays in the Dry Way. 

I. — 0EE3 AND MJiTALLlTBGICAL PRODUCTS THAT AEK NOT ALLOTS. 



A. SeoHJtcation assay for atebstanoes rich or poor in silcer 
(native silver; antimonial silver, Ag, Sb and'Agj Sb, wilh 
respectively 84 and 77 per cent. Ag ; telluric silver Ag Te, 
with 61 per cent. Ag; silver glance Ag S, with 87 per cent. 
Ag ; brittle silver ore, 6 Ag S, Sb Sj, with 70.4 per cent. Ag ; 
light red silver ore, 3 Ag S, As %, with 65.4 per cent. Ag ; 
dark red silver ore 3 Ag S, Sb Sj with 59 per cent, Ag ; light 
and dark fahlerz with respectively 0.7 and 18-31.8 per cent. 
Ag ; argentiferous sniphid of copper Cuj S, Ag S, with 53 per 
cent. Ag ; polybaaite, 8 [Cu S, Ag S] + [Sb S , As SJ, with 
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12 to 94 per cent. Ag ; argentiferous leacJ, copper, zinc, and 
arsenic ores, matte, speiss, slags, etc.). 

B. Fusion assay for ores rich in leadiut poor in silver, e. g. 
tlie Oberharz galena slick. 

c. Fusion assay for poor, pyritifermm silver ores, e. g. 
pyrites, pyrrhotine, etc. 

D. Fusion assay for earthy substances poor in silver, e. g. 
tailings, slags, etc. 

n. ALLOYS, 

A. Alloys poor in silver (refined copper, black copper, 
brass, etc.). 

B. Hioh silver alloys, paiticularly of silver with copper 
(mint assay, fine silver assay). 

B. A-Ssays in the wet way. 

A, Vohimetric assay of Gay JJussao for rich alloys of sil- 
ver with copper (mint assay). 

B. Other assays in the wet way. 

Section First. 



A. SILVER ASSAYINCl IN THE DRY WAY. 

I. — ASSAYS FOR ORES AND METALLURGICAL PRODUCrS, THAT 

ARE NOT ALLOYS. 

A. Seorijtcation assay for substances poor or rich in silver. 

This assay falls iiaturaJly into two periods, namely, first 
into the fiising of the assay substance with metallic lead, in 
which the silver is taken up by the lead, and the supei-fluons 
lead and foreign ingredients slagged off; and secondly, into 
the cupellation of the argentiferous lead, or the separation 
of the silver from the lead. 

A centner of the ore, etc., is mixed with eight centner of 
gi'anulated lead (assay lead) in such a way that about half of 
the lead is mixed with the ore in a scorifier (Fig. 12), and 
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this covered over uniforinly with the remainder of the load. 
Fluxes are also required, according to the nature of the ingre- 
dients present, and, indeed, according to wliether the latter 
are of metallic (zinc blende, pyrites, etc.) or eai-thy nature. 
The earthy substances separate again into basic (calc spar, 
dolomite, barjtes, fluor spar, etc.), and acid (quartz, sili- 
cates, clay, aluminatea, etc.). Silver ores which contain much 
earthy gang are called dry ores (DtliTerze), and if salphids 
are present at tlie same time, they are designated as py- 
rjtiferous, blendy, etc. The fluxes consist principally of bo- 
ras, quartz, or glass. Basic and very difficultly I'nsible ores 
require the most borax (np to 50 per cent.), which takes up 
the bases, and renders the compounds formed more fusible. 
Acid ores need only a small addition of borax, or none at all, 
though a small quantity of it (perhaps ten per cent.), as a 
means of promoting fusion, does no harm. The borax is stir- 
red up together with the ore, or is placed on top as a cover- 
ing. Too much borax works disadvantageously, especially 
with substances rich in sulphur and arsenic, since then the 
covering of slag becomes too great from the beginning, and 
not sufficient oxyd of lead can fonn to decompose the metallic 
sulphids; in consequence of which, oxysulphnrets containing 
silver remain in the slag. If a large addition of borax is needed, 
eg", in the presence of much tin, dnc, lime, etc., apaitof it must 
be added afterwards, before the final strong heat is applied, 
especially also in the presence of a large quantity of iron. 

With ores containing extremely little or no silica, either 
free or combined, an addition of a few a.ssay pounds of glass 
or quartz is advisable, since by this a too rapid eating through 
of the scorifier by the oxyd of lead formed is counteracted. 
These may be added either at the same time with the borax 
or subsequently. Also the scorifier may be coated o\ev with 
a thin layer of quartz or glass. With good scorifiers, how 
ever, such an addition is unnecessary. 
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The quantity of lead to he used depends upon whethef tlio 
ores conlam little or Dnich of siibstancea, particularly sulpMds, 
whose constituents are disunited with difficulty hy air or 
litharge. In many cases the ratio of one centner of ore to 
eiglit centner of lead suffices ; if zina blende or pyrites is 
present in large quantity, this ratio rises to twelve to 8ixtc;en- 
fold ; with much copper and tin compounds, to twenty to thirty- 
fold ; with nickel and cobalt compounds, yet somewhat higher, 
unless these are smelted beforehand with ten parts litharge 
and two parts of saltpeti'e. Nickd ^yeiss must be scoi'ifieil 
two or thi'oe times with sixteen times its weight of lead, I« 
general, also, the more silica, etc., is present, and the longer 
the desulphurizing requires, the more lead is to be used. Too 
gi-eat an addition of lead prolongs the operation, and in con- 
sequence of this, increases the loss of silver. At the Freiberg 
refinery the ort^s are generally scorified with ten to fifteen 
paits; at the Hartz refineries with eight parts of gi-:mulated 
lead. The quantity of silver in the lead, if it is vanishingly 
small, is not taken into consideration {as at Freiberg\ — or the 
same quantity of lead that was used in the assay is scorified 
and cupelled alone, and the globule obtained is laid with 
the weights, in weighing the assay globule (as in the Hartz). 
The Freiberg assay lead contains from .0001 to .0009 of a 
pound of silver in the centner; that of the Hartz one-eighth 
loth. Wiih rich silver ores, e. g. red silver ore, antimonial 
silver, etc, only twenty-five to fifty assay pounds are gene- 
rally weighed out with sixteen to thirty-two parts of lead, and 
the necessary additioii of borax given. 

The charged scoiiliers are placed in the bright red-hot 
muffle, and this, in order to bring the lead quickly into fusion, 
is closed by laying glowing coals before it. As soon as the 
lead is in tliin fusion, it will be seen that the ore, owing to its 
lighter specific gravity, has risen to the sui-face of the metaiiic 
bath and here undiTgocs roasting. From the appearance or 
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smell of the vapoi's rising from tlie assay, we can often judge 
with certainty as to the nature of the swbstancea passing oif 
in the roasting. Snlphur gives light gray, zinc thick white, 
arsenic grayish white, antimony bluish vapore. 

To subject the ore to be examined to a special roasting 
before the scorifying, is not only unnecessary, but even entirely 
injadicious, because by a separate roasting a slight loss at 
all events cannot fee entirely pi-evented. 

After fifteen to twenty minutes the siirface of the assay 
has generally become more or less smooth, and a fluid slag 
haa formed which completely surrounds the periphery of tbe 
molten, reddish-white glowing metal, from which thick fumes 
of lead are lising. The time i-equired for this fusing diffui-s 
with the character of the assay ; with very difficultly fusible 
assays as much as thirty to thirty-five minutes may be neces- 
sary, but generally the above time is sufficient. 

The muffle is now almost entirely opened, the draft closed, 
and with full access of air, a slaggingoff of thelead and other 
SCO rifiable constituents goes on (perhaps ten to fifteen minutes) 
until by further oxydation of the lead the slag has so far 
accumulated that it completely or almost completely covers 
over the metal. Then finally a short strong heat (of about 
five minutes) is again given, in order to render the slag com- 
pletely fluid, and to separate any mechanically inclosed lead. 

It is advantageous in general to carry the scoi-ification as 
far as possible, since experience has shown that in this opera- 
tion less silver is lost than in the cupellation following, if the 
lead button is larger. Still by continuing the ecoriflcation 
too long, the oxyd of lead is apt to destroy the scorifier. 
The scorification should not last over an hour at most, gene- 
rally half an hour suffices. 

The assays are now removed from the furnace, and alloy 
and slag are poured out into the depressions of the previously 
warmed pouring- plate (assay plate) which have been pre- 
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viously rubbed witb rouge or thalk, bo tliat the assays may 
afterwards easily and completely loosen fi'om them without 
stick-ing. 

If the pouring-plat« is not warmed in cold weather, a bi-ittle 
lead is often obtained that is difficult to iiammer. Copper 
pouring-plates rubbed with rouge are to be preferred to iron 
ones, since on account of the sudden cooling of the assay that 
takes place in the lattei-, particles of lead often remain in the 
slag. 

For the removing of the scoriflers from the furnace, and 
for pouring them, it is safest to use the scorifier tongs (Fig- 
21). In the pouring, not the least particle of metal should 
remain behind in the scorifier. Assays with a stiff slag have 
cither not had a proper qaantity of flux (borax, and litharge 
arising from the oxydation of the lead), or the heat has not 
been sufficiently prolonged. With such there is danger that 
little separate gi-anules of lead will remain suspended in the 
glurinous mass of slag, and thus the amount of silver be 
found too small. 

The lead alloy obtained in the scorifying must be quiie 
malleable. If it is brittle this indicates that the roasting was 
imperfect, or that the scorification has not continued long 
enough, or that too little lead was used for the assay. Assays, 
the lead alloy of which, in the succeeding hammering, exfo- 
liates mechanically-inclosed litharge or slags, have, at least 
towards the end of the operation, not been kept hot enough. 

After the cooling, the argentiferous lead button obtained, 
which must have collected into a single regulus, and must 
separate easily from the slag, is so hammerod on the anvil 
that it can be easily and firmly seized with the tongs (Fig. 19 
or 20) and placed on the cupel, without injuring the latter by 
projecting cornei-s and edges. 

Instead of poui'ing out the assays, when the scorification ia 
finisheJ, into the assay plate, they may also, and indeed with- 
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out prejudioe to theiv accuracy, be simply taken fvom the 
fnrnace, and, before the breaking up and freeing from slag, 
allowed to cool q\iietly in the scoi-itieis. Only the cooling 
then proceeds very slowly and consumes unnecessarily more 

The eheuiical reactions in the scorification or slagging 
process depend partly on the roasting of the ore that takes 
]>lace during the smelting, partly upon the peculiar power of 
the oxyd of lead produced to form a slag with all earths 
and oxyds of the base metais, and thufi, if present in sufficient 
quantity, to act aa a universal flux ; and besides, also very 
essentially upon the influence that litharge exercises upon 
metallic sulphids, and which commences actively even at a 
moderate red heat. 

The mutual decomposition of litharge and metallic sulphids 
has been most completely investigated by Serthiei', who hiis 
found that if litharge is allowed to work in sufficient quan- 
tity upon metallic sulphids, «'ith exclusion of the atmospheric 
air, the sulphids are completely decomposed. In general all the 
sulphur escapes as sulphurous acid gas, and the metal remains 
behind either alloyed with the lead proceeding from the 
reduction of the litharge, or else as oxyd, combined with the 
portion of litharge not reduced. The quantity of litharge 
necessary for the complete decomposition of a metallic siil- 
phld is considerable, and is not the same for the sulphids of 
the different metals. If less is used than is required, only a 
pai't of the metallic sulphid is decomposed and a correspond- 
ing quantity of osyd of lead reduced. The remainder of the 
oxyd of lead, and the metallic sulphid, together with the 
metallic oxyd that may be formed from the latter, unite into 
a compound which belongs to the ■ oxysulphurets, and is in 
genera] very fusible. Sulpkid of copper forms an exception 
to the last statement, since it forms no oxyanlphuret by fusing 
together with litharge. Generally the union of the litharge 
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with the metallic suJphid is very intimate; by a gttatei addi 
tioii of htliarge, however, tltese oxysuljjhurtits are (.omplettly 
decomposed. Many osyds also, by combining wiih the o^yd 
of lead, cooeiderably impair its decomposing effeut upon tlie 
metallic sulphide. The eulpliids of the metals of the illnlipi 
and alkaline earths evolve no suiphitrous acid with lithai^e, 
but all the sulphur is changed to sulphuric acid. In rel iti jii 
to the other more frequently occurring metallic aulphida 
exfieriments give tho following : — 

Sulphid of copper is completely and easily di-composed by 
litharge, with evolution of sulphurous acid and "-iiniil tan onus 
formation of suboxyd of copper and metallic loid, but to this 
end twenty parts by weight of litharge are required to one 
part of sulpliid of copper. Oxyd of load which is already 
combined with a considerable quantity of snboxyd of copper, 
works no further upon sulphid of copper. Sulphid of mer- 
cury, ciimabar, requires about ten to twelve parts by weight of 
litharge for its complete decomposition, during which metallic 
mercury volatilizes. Stdphid of bismuth requires for its com- 
plete decomposition twenty parts by weight of litharge. The 
whole of the bismuth then alloys with the lead, and does not 
combine as oxyd with the litharge. Sulphid of molybdenum 
requires forty to fifty parts of litharge by weight in order to be 
entirely decomposed. No alloy of molybdenum and lead is 
formed in the process, but all the molybdenum is oxydized. 
Sidphid of manganese needs for its desulphurization thirty 
parts by weight of litharge. The manganese is only oxy- 
dized to the protoxyd, but if the air has access at the same 
time, it oxydizes higher. J'ro(osM?pAiW<j/'jVonisdecomposed 
by thirty parts by weight of Htharge, and the iron, provided 
that no access of air is allowed, changed to protoxyd. Jron 
pyrites, on the other hand, requires up to about fifty parts by 
weight of litharge, if it is to be entirely decomposed .by this 
alone. Copper pyrites requires at least thirty parts by weight 
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of litharge for its deconi|jositioii. With aulphid of zinc 
(blendu) twenty-five parts by weight of litharge suffice for 
decomposition and seorification, in which all the zinc is oxy- 
dized. Sidphid of tin, mosaic gold (aui'um musivum), requires 
twenty-five to thirty parts by ■weight of litharge ; no alloy of 
lead with tin forms ; the latter oxydizes. Sulphid of antimony 
reqnires at least twenty-five times its weight of litharge, and 
the antimony goes as oxyd into the slag. With a small addi- 
tion of litharge it is veiy apt to form oxysulphurets. Sulphid 
of arsenic, orpiment, forms compounds with oxyd of lead that 
are nuoommonly fiisible, and can be completely desulphuiized 
only by a great excess of litharge. To one part, fifty to sixty 
parts by weight of litharge at least must be nsed. The lead 
then sepai'ated contains no arsenic. ' The latter is also oxydized 
by the litharge. Sulphid of lead. Galena and litharge work 
upon each other at a red heat in such a way that they mutu- 
ally decompose one another, withontformingany oxyeulphuret 
in the process. If two equivalents (5578) of litharge are used 
to one equivalent (2991) of galena, or 1885 litharge to 1000 
galena, only pure metallic lead is obtained. If the litharge 
predonunates, a part of it is not reduced, and this then covers 
over the lead. If, on the contrary, galena is in excess, a eub- 
Bulphid of lead is formed, which with slow cooling deposits 
itself on the separated metallic lead. But if the litharge is 
combined with a certain quantity of any other oxyd or metal- 
lic Bulphid, it loses its oxydizing power over the galena, and 
can then combine with it, as with other metallic sulphids, 
without a mutual decomposition taking place. A new addition 
of litharge, however, destroys this oxysulphuret also. Arse- 
nical nickel needs a lai-ge quantity of litharge for its full 
fleoomposition, 

[t has already been stated that in these experiments the 
excess of air was prevented. They were undertaken in a 
temperature which a muffle furnace easily produces. 
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We observe now tliat, in the scoriiication, if the assay sam- 
ple, as is the csise with most ores, contains metallic siilphids, 
the roasting of the ore commences indeed with the melting 
but that the decom]iosition first advances more rnpidly wben 
a part of the lead has oxydixed, and thus the working of the 
oxyd of lead comes also into play. The slagging off of the 
earths and osyds contained in the ore first begins after a 
lai'ger quantity of litharge has formed. 

The stronger the affinity of the foreign metals for oxygen, 
the inoi-e apt are they to accuniulnte at tlie beginning of the 
pfocess in tlie state of oxyds, and they may cause a freezing 
of the assay, e.g. iron, tin, zinc, etc, 

Tlie desilverizing of the assay is accomplished in part by 
the lead, which, in the fusion of the eulphids, extracts their 
silvei' with the formation of sulphid of lead, bnt principally 
by the woiking of litharge on the sulphid of silver. The 
white pai1« often separating out over the slag in the pouring 
of the Bcorification assay, are either undecomposed quartz or 
sulphate of soda, formed from the sulphur of the ore and the 
soda of the borax. 

For the whole process of scorification one half to one hour ia 
needed, and the result of a rightly conducted assay ia that 
the assay substance is now completely decomposed by the 
roasting and the working of the litharge, and thus no oxysul- 
phuret, which might yet retain some silver, is any longer to 
be found in the slag ; that the earths and oxyds present, aided 
by the addition of borax, have united with the litharge to a 
perfect and easily fusible slag ; and that the silver, in whatever 
combination it may have been held in the assay substance, 
has alloyed with the remaining lead, and completely collected 
itself in it. 

If a roasting did not tate place simultaneously with the 
scorification, it would often be necessary to largely increase 
the addition of lead in order to obtain the quantity of litharge, 
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whicli, according to the results of exjjerimsiit-i given, is 
required for the decomposition of the argentiferous metailic 
flulphids. 

With the nature of the foreign ingrediontu, the scoiificatioii 
suffers vaiT-Ous modiiittations, especially with respect to tlie 
temperature to be employed, and the duration of the separate 
periods. In Freiberg the following ebargings are in use : 

Argentiferous galena with sixty to eighty per cent, of lead 
is mixed with six centner of lead and 0-16 percent, of boras. 
If pyritiferous or blendy minerals are present, the lead is in- 
creased up to eleven centner, and the borax to twenty to 
thirty per cent. 

Ordinary "■Diirrerze " containing silver glance, ruby silver, 
iron pyrites, zinc blende, spathic iron, calc spur, etc., requiie, 
on account of the large amount of sulpliids present, to one 
centner of ore, twelve to fifteen centner of assay lead, and, at 
most, fifteen per cent of borax. In case of necessity, more 
borax is added afterwards. The charge is quiclily fused, and 
the scorificatioo long continued, and finally a strong heat is 
applied. Sasic " Durrerze " require eight centner of lead, and 
twenty-five to fifty per cent, of borax, which is partly added 
afterwards ; acid " JDiirrerze" eight centner of lead and 0-20 
per cent, of borax ; pyritiferous " I>iirrerze," twelve to fourteen 
centner of lead, and ten to fifteen per cent, or more of borax. 
Cupriferous ores require the addition of so much lead (ten 
to twenty parts), that the lead-button obtained for cupella- 
tion shall contain at least sixteen to seventeen times more 
lead thun copper, as the latter is not completely slagged off 
in the scorification. Fahlei'ze, for example, are scorified with 
twelve centner of lead and fifteen per cent, of borax. 

Zinciferous ores require ten to sixteen centner of lead and 
fifteen to twenty-five per cent, of borax, and need particular 
attention in the process. The zinc must be volatilized and 
as little as possible of the zinc oxyd formed, since this dis- 
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solves with difficulty and gives a very difficiiltly fusible slag. 
In order tliat as little roasting as possible may take place, tlio 
assay is fused at a high teinperatiu'e. K the elag becomes 
too stiff, a glowing coal is hid upon the assay, whereby the 
zinc is reduced and volatilized, the metallic bath again be- 
comes smooth, and the proper oxydatioii of the lead first be- 
gins, Aceoi'ding to Ziervogel, zineiferons ores, scorified in 
the usual way, give always a fluctunting percentage of silver. 
They must first be smelted to a matte, which is theri scorified. 
Also several centner of zinciferous ore may be treated with 
aqua regia, and the residue sconficd, e. g. pui'e blende. 

Arsemaal area requii'e a high temperature in the scorifying, 
in ordei' to give a perfectly fluid slag. A rim of stiffened slag 
containing silver is very apt to form. This can sometimes be 
removed if a glowing coal is held over it, or boras is added. 
With poor arsenical ores, as high as sixteen parte of lead, and 
fifty per cent, and more of borax, are taten to one part of tlie 

Mich arsenical ami antimonial silver ores can, in general, 
only with diificulty be assayed by the scoritication method, 
aiid it is ollen better to use for such the Andreasbery method, 
page 126, or the Migliah one, page 129. ?. 

Nickdiferous and cohaltic silver ores, speies, etc., are sco- 
rified at a high temperature, with as high as twenty parts of 
lead, and borax is iiddeil later in the process. As the scori- 
fieis douot hold twentycentuprof lead, generally fifty pounds 
only of the assay substance are taken. 

Ores containing tin are scorified several times with much 
(twenty to thirty parts) lead and borax, in order tliat the 
assay may not "freeze" in the cupeilation by the formation of 
uneombined oxyd of tin. 

Maw matte requires ten to twelve centner of lead, and, if 
zinc is present, even more, at first without borax, afterwards 
with the addition of as high as thirty per cent. 
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Iiead matte is scorified with nine to twenty centner oflead, 
at first with little, afterwards with twelve ti) twenty-five per 
cent, of borax ; if nickel and cobalt are present, eleven to 
fourteen centner oflead are taken. 

Copper ni'itle with twenty to thirty per cent, of copper 
requires twelve to fifteen centner of lead. Furnace deposits 
like zinciferous " Durrerze." 

Xead speiss and cobait speiss : one-half centner is scoi'ified 
with ten to twenty parts oflead, and each two of the buttons 
thus obtained again scoiified togetlier. 

Hesidues from the amalgamation of black copper and the 
silver extraction process, are generally treated without borax, 
one-half centner of residue witli eight to ten centner of lead. 
Amalgamation residues from "Durrerze" are treated like 
"Durrerze." Two assays, of one centner each, are scorified, 
and the two resulting bjittons united and cupelled together. 

Earthy substances (slime, dross, slags, elc). A number of 
assays {as high as thii'ty-two) are scorified like "Diirrerze," 
the resulting buttons of lead united, and again scorified to a 
single button, which is cupelled ; or two centner of the finely 
pulverized ssihatance, e. g. fusible slags, are scorified with 
eight to twelve centner of granulated lead. The silver con- 
tents of the latter must always be deducted. 

Old hearths are scorified with eight parts of lead, and 
borax added as may be needed. 

Dross, rtrgentiferoies and auriferous wnete, stoeep, etc., are 
pounded fine, calcined, one civil pound dried, the percentage 
of moisture determined, the residue rubbed fine and passed 
through a sieve which catches the granules of silver ; the 
weight of the silver grains and of the dross determined, and 
the percentage of silver in each determined separately. The 
dross is mixed like "DBrrerae" with eight, to nine centner of 
lead and a corresponding quantity of borax. 

With a7itimony ores twenty-five pounds arc scoiified with 
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four hundred ponnda (four centner) of lead, and as high as 
fifty pounds of borax. 

With antimonial silver not more than twenty-five pounds 
are eoorified with thirty-two parts (eight centner) of lead, and 
as high as seventy-five pounds of borax. The more ore is taken 
foi' the assay the greater are the differences in the results. 

When native silver, silver glance, red silver ore, and Other 
ri<:h silver ores which are not to be aaaayeil in the ordinary 
way, are brought to the Freiherg smelting-works, the ores are 
either cupelled without preliminary examination, or if their 
whole quantity only amounts to a inw pounds, they are 
worked up in crucibles or on assay vessels, and the payment 
is calculated without further examination, according to the 
quantity of metal thus obtained, 

Markus examined matte (from the Hungarian so-called 
Keichverbleiungsp 1-0 cess) with one mark twelve loth of silver 
in the centner, in the raw and roasted states, by means of the 
scoi-ifieation assay, and the fusion assay with litharge (400 
pounds), saltpetre (twenty-five pounds), metallic iron (twenty 
pounds), and the usual reducing and solvent agents. The 
highest percentage of silver was obtained by scorifying the 
raw matte. 

Now follows the second operation of the silver assay, the 
dipeUation of tlie argentiferous lead obtained fi'om the seori- 
fieation. This process of driving off the lead, etc. — wiiich 
depends upon the fact that the molten red-hot alloy of lead 
and silver is so resolved by the atmosi>heric oxygen that all 
the lead is changed to o.tyd (litharge), and the metallic silver 
remains behind, if the removal of the fused oxyd of lead com- 
bined with the foreign oxyds is provided for — belongs to the 
oldest of mebilluvgieal operations, and is at the same time 
among tiie most perfect processes known to the assayer. As it 
is not of importance to the assayer, as it is to the smelter, to 
obtain and save both the silver and the oxyd of lead, and he 
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has only tlie fonner in view, he employs in this process the 
cupel (Fig. 9), The cupels must, immetl lately before plac- 
ing the lead alloy upon them, be bo long and completely 
glowed out, or huated through in the highest heat of tlie 
muffle of the assay furnace, that they no longer retain iiny 
tiace of moisture. If this Is neglected, the aqueous vajior 
escapuig througli the molten lead will surely cause a sputter- 
ing. Moi eo^ei', the cupels must also ha*'e reached a perfectly 
biight-ied heat before being charged, because it is neces- 
sary that the lead should quietly fuse and begin to be driven 
off. By too slow a fusion, little particles of lead are liable to 
remain hanging to the upper rim of the cupel, and thus their 
silver be lost for the assay. The size of the cupels must be 
in propoi'tion to the quantity of lead to be driven ('ff. In 
general it is better to take the cupels rather too birge th^m too 
small. It may, perhaps, bo counted upon that the cupels cnn 
absorb about twice their weight of lead ; but this is to be 
taken as the maximiim. In general practice not more than 
their own weight is willingly placed upon them. More ctipi-ls 
should never be worked with at once than can be heated with 
perfect uniformity in the middle part of the muffle. Tlic front 
capels are charged first, and then the remaining ones without 
any delay. The furnace must be so hot that its tempei'ature, 
either not at all, or only for an exceedingly short time, I'e- 
quires to be again increased in order to bring all the a'says 
to driving. As soon as they (^-ive, that is, as soon as a mo\'e- 
nient can be diatinguished on the bright clear surface of the 
red-hot melted alloy, the draft of the furnace is closed and 
the temperature lowered, while only a small coal is lei^ lying 
before the mouth of the mufHe. The assayer then sees iipun 
the convex suifaca of the metal, and indeed the more dis- 
tinctly the richer grows the alloy, little points and scales 
(litharge) which have less lustre than the vest of the surface, 
and withdraw towards the ades of the cupel. 
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The movement of the di-iving mass from within outwards 
comos from the fact that the supei-ficially cooled portions sink 
towards the boltom and give place to the rising warmer ones. 
From the convex surface of the raotaliic bath the beads of 
litharge fall to the margin. 

It ia a ride never to be neglected, that the assays mnst be 
" driven " at as low a temperature as possible, since reiterated 
experience shows that the lesa silver ia carried along by the 
litharge into the cupel, tlie lower the heat in which the 
litharge is generated. 

It is nevertheless just as gi-eat an error as the giving of too 
high a heat, to so far lower the temperature that tfie lead 
ceases to " drive." This is called a freezing or drowning of 
the assay. Such assays can indeed be again brought to " di'iv- 
ing" by a higher heat, but in general their results then become 
erroneous. 

The ascending lead-fumes and the glowing of the cupel 
give an admonition for the correct management of the tem- 
jjeratiire. If tiae former rise, slowly winding, to about the 
middle of the muffle, and if a ring of small indistinct crystals 
of oxyd of lead forms on the sides of the reddish-brown glow- 
ing cupel, the temperature is right. If the lead-fumes disap- 
pear immediately over the cupel, -if the latter glows bright - 
red, and no crystals of oxyd form, it is too hot. If the lead- 
fiimes rise to the arch of the muffle, and the sides of the cupel 
appear dark-brown, it is too cold, and the assay easily 
" freezes." In order to keep the temperatui-e in the front and 
rear of the muffle as miifoi-m as possible, emi)ty scoiifiers are 
[tlaced ill several ranks over each other in the hack part, or 
the back assays are cooled by ine;ins of a cooling-iron (Fig. 
22) more than the front ones. The crystals of litharge 
ai-e, according to Hausmann, very thin, elastic -flexible, strong- 
ly-brilliant, translucent, six-sided tables, which in loose aggre- 
gation sometimes form beautiful groupings. 
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Towards the end of the process, the temperature must be 
again raised, because the metallic button becomes more diffi- 
cultly fusible as the proportion of silver in it increases, sind 
moreover, the last part of t!ie lead is eutirely separated as 
litharge, and completely absorbed by the cupel, only at a 
somewhat increased temperature. The heat should not be 
increased too soon, and should only he raised gradually, but 
never so high that the rim of crystals of oxyd again fuses. 

'' Cool to drive and hotter ' Wick ' 
Is of assaying the master triclr," 

is very old, aud contains for the process in hand a very im- 
portant truth. 

The richer is the ore to be examined, and the greater accoi-d- 
ingly is the resulting button of silvei', so much the more, after 
the blie'ki"g (or brightening) of the assay — that ia, after the 
last reticulated remnant of lithai-ge and the rainbow-play of 
colors have disappeared from the surface of the metal — must 
the assayer guard against a too rapid cooling and solidifying of 
the assay, since a rapid cooling produces a tumultuous blos- 
Bomiug out of the silver — the so-called sprouthiff or spitting. 
This sprouting is always, indeed, an evidence of the pui-ity of 
the silver, but it is also apt to occasion a loss of silver, though 
often only a small one. 

The formation of the play of colors in the brighteniny, 
very probably has its cause in the fact that the constantly 
renewed, extremely thin coating of oxyd of lead upon the 
alloy allows the light to pass through it, which is then reflected 
from the sui'fiice of the metal with a certain color. The kind 
of color is dependent upon the thickness of the coating ; and 
since the latter, on the convex surface of the molten metal, 
becomes gradually thicker near the edges, diiFcrcnt colors are 
produced in a certain oi'der of succession. This is repeated 
as long as the oxyd of lead absorbed at the sides is repro- 
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duced on the surface, which ceases when tlie silver becomes 
pure. 

According to ietio?, tlie brightening is produced by the 
oxygen absorbed by the molten silver, which unites with the 
sub-oxyd of copper taken up by the cupel, and changes it to 
oxyd, whereby a flash of light is produced (?). With silver 
not containing copper the oxygen is given out in the cooling, 
and causes the spi-outinff. That the last appeai'anoe is the 
consequence of a violent escape of absorbed oxygen, the 
researches of Lucas and Rose have evidently proved. 

Tlie presence of gold, according to Zevol, does not hinder 
the spi'outing, if its quantity is itot too large, but the pre- 
siince of copper and lead does, since the lower oxyds of these 
metals, going into the cupel, oxydize themselves higher at the 
expense of the absorbed oxygen. 

K the brightening of the globule cannot be seen because 
of the depth of the cupel, the disappearance of the lead- 
fumes seiTes as an indication of its having taken place. By 
means of a hook the cupel may also be somewhat tipped to 
one side, and then the state of the process judged of. 

The silver globule must appear perfectly brilliant on the 
upper surface, hemisphei'ical to round or sphei'iciil, and 
silver white ; must be easily loosened from the cupel with the 
globule tongs; and on the bottom, after brushing, must show 
itself clean, and possess a pure silver-white color, though the 
latter is here without lustre. Globules which, from cracks or 
little depressions in the cupel, have roots formed, are to be 
thrown away as incoiTect, since such roots always contain 
lead. For the weighing of the silver globules it is to be 
1 emarkcd that always, except when lead very poor in silver 
can lie used for the assays, eight centner {or as much as is 
used in the assay) of assay lead must, at the same time with 
the assay, be separately scorified and cupelled, and- the little 
silver globule thus obtained is, in the weighing, to bo laid in 
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the scale with the weights, as the amount contained in the 
lead used, and thua deducted. 

The globule of silver obtained in the silver assay is never 
chemically pure, but only fii'e-refined. But the contamination 
by foreign matters is so trifling that in the assay of ores no 
further notice is taken of it. These impurities, which may 
vary according to the character of the constituents of the 
assay substance, compensate in part, yet not entirely, for the 
loss by the absorption of the cupel (page 104). 

The process of cupellatioii will be still further treated later 
under silver alloys. 

In diiferent mining districts special rules exist as to within 
what degree of accuracy the amount of silver must be given. 

In Saxony the quantity of silver is given with — 
.05 — .25 pounds in the centner, to within -005 of'a pound. 
.25 — 2.00 " " " " " .01 " 

2. aud more " " " " " .03 " 

The assay is made but once, or is several times repeated, 
according to the quantity of silver in the ore ; and the follow- 
ing rule : — 

Witli .01 — A pounds silver in the centner, 2 times. 



With the assays that are repeated, each one is weighed to 
within .005 of a pound, and then the average value calculated. 

If the values given by the two assayevs differ by .01 of a 
pound and over, a decisive assay is undertalien by the assay 
master, wliich, in ciise of a remarkable diffui-ence, may bo 
again repeated, but the result then ibiiiid is taken as coiTeot. 

At the Oherharz works the galena slicks are first assayed 
for lead (page 21), and the lead-button, if it contains thi'ee 
and three-fouiths loth, oi' les^, of silvei', immediately cupelled; 
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■while in the last operation, with aiitimonial, arsenical, and 
oupiilerous battons, twenty-five to fifty ponnfls of assay lead 
are added. If the quantity of silver amounts to over three 
and three-fourths loth in the centner, the assay is scorified 
with eight centner of assay lead. The silver globules are 
weighed to within one-fourth loth, and the contents given by 
the three different aasayers must agree within one-fourth loth 
before a decisive assay is reported from them. It ia only with 
the antimonial, arsenical, and cupriferous slicks of Andreas- 
herg tliat with 
]— 5 loth of silver in the centner, a difference of \ loth, 
5i— 10 " " " " " " I " 

lOJ and over " " " " " 1 " 

is allowed to pass. Richer ores (ihe so-called Wascherze or 
buddle ores) are assayed four times. If an assay, after three- 
fold examination on the part of the three assayers, gives still 
an unallowable difference, then the assay ia again repeated by 
a master asaayer and the three other assayers (general exami- 
nation assay) in the presence of a commission, and from the 
results obtained the decisive assay is formed. 

B. Fimon assay for plumbiferous ores poor in silver. 
The examination of plumbiferous silver ores and metallur- 
gical products for silver can, under certain circumstances, be 
accomplished w ith perfect safety by first seeking the lead con- 
tents of the oie or pioduct by means of a lead assay, and then 
determining the silver contents by a cupeJlation of the lead- 
button obtained. If this is to be accomplished with perfect 
safety, the silver contents should amount to only a few (not 
above four) loth, and the lead contents must be thii-ty per 
cent, or over, and the assay substance, besides intermingled 
earthy matters, must contain but little of foreign metals. 
The more, in such argentiferous and plumbiferous substances, 
the quantity of blende, of iron pyidtes, and of copper, arsenic, 
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antimony, nickel, or cobalt compounda i 
this method be used with safety for tlie detei'mination of the 
silver; jciet as little reliable is it, completely isolated cases 
perhaps excepted, if the percentage of lead fells below that 
stated, or if the quantity of silver is large. A regulation that 
holds good in the Hanoverian Bartz for the assaying of the 
ordinary lead slicks, prescribes that thequantity of silver shall 
be found by the scoi'ification assay, and no longer from the 
argentiferous lead obtained in the lead assay, when it exceeds 
three and three-fourths loth in the centner of ore. With par- 
ticular slicks that are otherwise pure, the silver may amount 
to somewhat more, before a difference shows itself in the re- 
sult, between the quantity found by the lead assay and that 
by the scorification assay, provided that the lead amounts to 
fifty per cent, and over. With all difficultly fusible slicks, 
however, and still more with those strongly contaminated by 
other foreign metallic compounds, even with fifty per cent, 
of lead, a difference soon shows itself with a larger quantity 
of silver than three and three-fonrths loth, and the scorifica- 
tion assay yields more silver. 

If it is desired to determine the silver in an ore or metal- 
lurgical product from the quantity of lead found in it, every- 
thing must be observed that has been prescribed in the lead 
assay, for the most accurate exhibition possible of the amount 
of lead. Experience has indeed shown that in the portion of 
lead that fli'st separates out in the lead assay, a proportionally 
gi-eater quantity of silver is found than in that which sepa- 
rates later, so that a partially unsuccessful lead assay some- 
times allows the amount of silver in it to bo very closely found ; 
but if we wish to be able to rely npon an accurate determina- 
tion of the silver, the separation and determination of the lead 
must be perfectly anccessful. 

At the St. Andreaaberg silver ametting works, in the Ober- 
hartz, one centner of slick that contains over four loth of sil- 
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ver— ^instead of being scorified — is charged like an ordiraiy 
carboriiite of potasait assay (page 23); one and one-fourth 
centner of as'iay lead, containing exactly one-fourth loth of 
silver, is strewed over the carbonate of potassa, the whole 
covered with chlorid of sodium, and smelted like a lead assay. 
The button is then cupelled and weighed, and one-fourth loth 
subtracted from the weight. The same results are obtained 
by this ntethod as by scorification, but less time is required, 
ani3 the eating through of the eriicible is less to be feared. 

If the percentage of silver in an assay substance very rich 
in lead (which is tbe case for example with some galenas, 
litharge, old hearths, etc.), is so small that the globide of sil- 
ver to be looked for in one cenlrtei' of the assay substance 
could no longer be weighed with certainty, then, according to 
circumstances, more or less lead assays must be made of it. 
The lead-buttona obtained are either cupelled togetlier on the 
same cupel, or fii'st scoi'ified together by themselves in the 
ordhiary wity, and the button of argentiferous lead obtained 
then cupelled. The quantity of silver in one centner of the 
substance is then found by dividing the weight of the sil- 
ver globule by the number of lead-buttons simultaneously 
cupelled. Very impure lead-buttons (e.g. from dross, skim- 
mings, etc.) must be scorified before cupelling, either by 
themselves or with four to eight parts of assay lead. 

If an ore, etc., to be examined foi- silver, contains notable 
quantities of metallic mercury, then in the examination of the 
same, what is given later upon alloys containing mercury is 
to be attended to. 

o. Fusion assay J'or pyntiferous ores and sulphuretted jyro- 
ducts poor in siher. 

This method of assaying, in which the raw or partially 
roasted ore is fused in a clay crucible, either with litharge 
alone or with that and a fusing agent, is based upon the 
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affinity of litharge for the earths and oxjds and meta'lic 
Bulphids. In both cases, especially in the latter, a portion of 
coal, black flux, or flour is also added. The fusion can be per- 
formed either in the mufile or in the crucible furnace; it I'c- 
quirea somewhat less lime than is frequently necessary for the 

1. A fusion of the assay with litharge alone is only per- 
missible when a considerable quantity of the latter is used, 
but then a large quantity of lead is produced for cupeilalion. 
By an addition of saltpetre, which oxydizes the sulphids, the 
quantity of lead can bo regulated. An addition of twenty- 
five assay pounds of borax-glass to one centner of ore is never 
injurious, and is often necessary for the pi'omolion of a good 
fusion. Fi-om what has been already said (page 113), it 
appears that in most cases twenty to thirty parts of litharge 
to one centner of ore are enough ; frequently, with a plenti- 
ful addition of borax, eight to twelve parts of litharge are 
fully sufficient, 

2. If, by a fusion with litharge alone, too small a quantity 
of lead is separated, a portion (two to six pounds) of coal dust 
or flour may be added, or the litharge may be mixed with a 
few centner of black fiux; also litharge, carbonate of potassn, 
and coal duet or flour, may be used together. Here, likewise, 
an addition of about twenty-five pounds of borax-glass is to 
be recommended. By the addition of an alkaline fiux a small- 
er quantity of litharge becomes necessary, and it is usual 
then not to increase the addition of the latter above eight 
centner to one centnei' of ore ; with an addition of saltpetre, 
four parts of litharge suffice. If the assay sample contains 
lead, an addition of metallic iron is advantageously given. A 
suitable charging for a plumbiferoos matte is, for example, 
100 pounds of raw matte, 400 pounds of litharge, 25 pounds 
of saltpetre, 20 pounds of metallic iron, and a corresponding 
quantity of fusing and solvent agents. 
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The assay having been already intimately mixed with the 
fluxes, it is always advantageous to cover it over in the cntci- 
hle Tvith a layer of cliloiii] of sodium. 

To insure the complete collecting of the silver, one centner 
of the assay aabstance may also be fused with four to eight 
centner of litharge and twenty-five pounds of borax, or with 
four centner of litharge and two to four centner of carbonate 
of potassa, and after the mass has becom« fluid, four centner 
of lead added, either in the form of a i-ouud plate or as granu- 
lated lead, so long as it is distributed as uiiifoimly as possible 
over the whole surface. 

Instead of adding coat or black flux, to undertake the smells 
ing in coal cracibles, as some assayei's have proposed, la less 
judicious, because thoo the quantity of lead produced is less 
under control, and the working of the litharge upon the sul- 
phids is apt to be impaired. 

Since in all these assays a puffing up of the fusing mass is 
caused by the escape of the gasci generated, the crucibles 
chosen must be sufficiently roomy. 

JScrthier fuses substances rich in nickel and cobalt with ten 
parts of litharge and two parts of saltpetre at a strong heat, 
and coveis over the molten hath with one to two parts of 
sheet lead, in order to obtain all the silver in the then result- 
ing button, which cupels nell. 

The use of the ore, etc., in the roastc-l state yields, on 
account of the loss taking place in the roasiiisg, a smaller per- 
centage of silver than raw oi e. According ti> MalagutVa and 
J>urochfr's experiments, blende, for exam,l«, lost in roasting 
three-fouithi, galena one fourth to one-third, pyrites one- 
third of its silver content. 

3. In Enj/lish smelting works, according to Zenner, rich 
ar'-enical and antimonial silver ores, whic^i give unreliable 
results by scoriffcation, are assayed in the fallowing manner : 
Two ounces of ore are rubbed fine together- with two oupcei 
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of litharge or niiiiiiira—t!ie inixtiiro ponred into a crncible; 
one-half to one ounce of carbonate of Boda spread over it, and 
on top are placed about 200 grains of small iron niiils, which in 
the smelting sink down through the mass, are oxydized at the 
expense of the oxyd of lead, and produce a fluid slag, and also 
aid in the decomposition of the metallic arsenidsand antimonid'^. 

All these methods are intended to supersede the scorifica- 
tion. They aim like the latter at a complete decomposition 
of the assay substance, an entire collection of the silver in 
the lead, and a slagging off of the constituents not containing 
silver. The lead alloy obtained is treated exactly like one 
obtained by scoriiication, and worked off on the cupel. 

Only in speciil cases, to he more particulai-ly mentioned 
further on, with a very small percentage of silver in the assay 
substance, does a crucible smelting in the manner specitied 
offer advantages over the scorifieation process. In general 
the latter is to be preferred, since with it, one is more certain 
of a good and accurate result than with the crucible smelt- 
ing. Close and accurate results can certainlj be obtiined b> 
the latter, only it is to be feared that either a com; kte 
decomposition ot thi, aasa^ substance mil not be attained, 
and that the slag will remun aigtntiterous, cr thit the siher 
will be collected in a dispi oportionately hige quantity of 
lead, and then a loss of silver be stist line 1 through the necti 
sarily longer continuance of the pioeess of cnpellatu n Be 
sides, the sconficition assay offeis more convenience, eape 
cially when many assays are to be made. 

For ores containing sulphid of copper, Karsten prefere to 
the senrification assay a craciblo smelting without coal, with 
twenty parts by weight of litharge and twenty per cent, of 
borax-glass. 

Malaguti and Durocher have used for determining the 
exceedingly small quantities of silver in sulphids a mixture of 
saltpetre, oxyd of !e: d very poor in silver, and carbonate of 
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Boda. The poor oxyd of lead was produced from acetate of 
lead, and fey calcining the latter with bicarbonate of soda a 
salt was obtained which contained a minimum of silver. In 
their decomposition, zinc blende redticed seven to nine, pyrites 
nine to thirteen, copper pyrites and variegated copper eight 
to ten, arsenical copper glance 6.6, native antimony 2.8, stib- 
nite eight to nine, mispickel six to nine, arsenical compounds 
of cobalt and nickel five to seven, fahlerz six to ten, pitcii- 
blende 0.3, and cadmia from the blast fui'nace 0.3 parts of 
lead from litliarge. Experimentally, one pai't of saltpetre 
reduces four to five parte of lead. A suitable charge for 
smelting consists of ten grammes of ore, tn'enty grammes of 
saltpetre, twenty grammes of litharge, and thirty grammes 
of carbonate of soda, with a covering of chlorid of sodium, 

Pettenhofer obtained by a judicious conducting of the cru- 
cible assay, even with richer silver ores, ju^t as much silver 
as by the seorification assay. With ores containing six loth 
or less of silver in the centner, he mixes one centner of the 
assay substance with three parts of calcined acetate of lead 
and two parts of carbonate of potassa ; with more than six 
loth, one-half a centner of the ore with three centner of acetate 
of lead, two centtier of carbonate of potassa (or instead of the 
latter, one centner carbonate of soda and one centner carbo- 
nate of potassa) and twenty-five pounds of anhydrous sulphate 
of soda. An addition of carbonate of soda makes the charge 
more fusible, and a mixtnrc of sulphate of soda proves favora- 
ble, since its oxygen consumes the excess of carbon, and t!ie 
sulphld of sodium formed makes the slag more fluid, and 
takes lip the desilverized sulphida. The assay, covered over 
n ith common salt, is heated at first gently for twelve to fifteen 
minutes in a covered crucible tilt no fnrther action shows 
itself in tlie fluid mass; the temperature is then raised for 
fifteen to twenty minutes to a low white heat, the crucible 
taken out, lapped against the floor for the better collection 
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of the globules, and after cooling, the lead-bwtton is fLeod from 
slag for cupellation. 

r. Fusion assay for earthy substances poor in silver {slags, 
slimes, etc). 
For this kind of substances the following methods of assay- 
ing are in use : — 

1st, Two centner of the poor argentiferous substance {tail- 
ings or slimes from the mechanical preparation of the ores, 
l>oor slags and simiiav bodicH) are intimately mixed with three 
to four times their weight of black flux, or with as much of 
a similarly woi'king mixture of carbonate of potassa, with some 
(about ten to twelve per cent, of the mixture) powdered char- 
coal or flour, and put in a clay crucible (Fig, 15 b). The sur- 
face of the mixture is then levelled off and strown uniformly 
over with a quantity of pure granulated lead, equal in weight 
to the assay sample. The whole is now covered over with a 
thick layer of decrepitated chlor'id of sodium and smelted by 
a gi'adually increasing heat in the muffle furnace (one to two 
hours), or (and then with a cover on the crucible) in t!ie cruci- 
ble furnace. This heat must be more or less high and con- 
tinued according to tlie fusibility of the assay. If the assay 
is very difficultly fusible, 50 to 100 per cent, of borax are 
also mixed with it in the charging. The tirucibles should 
not be more than two-thirds full, as the mass rises in the 
commencement of the smelting. In Freiberg, to two centner 
of slags, etc, three centner of black flux and five to eight 
centner of assay lead are taken, and a three hoars' fire is given 
in a wind furnace. 

According to the capacity of the crucible, one to four assay 
centner (generally two centner) of the substance can be used 
for an assay. Eight and more crucibles are uniformly charged 
in the manner above given with the same assay substance. 

After cooling, the crucibles are broken up and the argenti- 
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ferous lead-battons obtiiioed 8cparat«d from the slag, which, 
in order that it may retain no silver, mvist indispensably 
have been in complete fusion during the smelting. The lead- 
buttons obtained from S, 16, etc., centner of the usS'aj sub- 
stance, are scorified together, without farther addition of 
lead, 10 a single button, and then cupelled. If the assay 
lead also contains even a little silver, then at the same time 
8, 16, etc., centner of the same must be scorified and cnpelled, 
so as to be able to bi'iug its silver into the account and deduct 
it. The silvei- globule obtained by the cupellation now gives 
the contents of the 8, 16, etc., centner of the assay substance. 
If, for example, one-fourth loth of silver is found (after 
deducting that of the assay lead), the substance examined, if 
sixteen centner were used, contains one-sixty-fourth loth of 
silver in the centner, 

A modification of this method is, that instead of the cover- 
ing with gi'annlated lead, an equal or double the weight of the 
Oiisay sample of pure litharge is mixed with it in the charg- 
ing, the rest of the process being as prescribed above. Eight 
to ten centner of litharge, if this is not perfectly free from 
silver, must also then he reduced by a lead assay (which see), 
scorified and cupelled. This modification of the method is 
to be pavticulai'ly recommended when the poor argcntifei^ous 
substance does not contain a large proportion of earthy con- 
stituents, but does contain sulphides. 

Both these methods are to be especially recommended, 
because the silver of the assay is collected in a comparatively 
small quantity of lead, and therefore in the cupellation but 
little silver proportionally is lost by the absorption of the 

2d. At some silver smelting works it is customary, for detcf- 
mining the amount of stiver In plumbiferous slags, matte that 
is poor in lead, etc., to smelt two centner of the substance 
with carbonate of potassa and a poilion of coal dust (or, 
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instead of both, Llack flux), with an addition also of borax, 
undev a covering oi'chlorld of sodium, in the manner treated 
of in the lead assay. The lead-buttons obtained from four such 
assays (thns from eiglit centner of the assay substance) avo 
then cupelled together on a single cupel. Smelling worl;8 
(for example those of the Obcrharz) have chosen this process 
indeed as tlic ordinary eonti'oiling assay for their daily busi- 
ness,, for the reason that it allows at the same time of a more 
or less accurate determination of the amount of lead. It is 
nevertheless to be remarked that, where the greatest possible 
aficnracy is required in the determination of the silvei', the 
preceding methods are in general to be preferred. 

3d, Another method consists in scorifying the poor argen- 
tiferous substance in the usual way with granulated lead (page 
107, etc), ten to thirty times, and then uniting the several lead- 
buttons obtained in the scorifying, and cupelling them toge- 
ther. If the quantity of lead is too great for one cnpel, the 
several lead-buttons are united and once more scorified toge- 
ther beforehand. The quantity of silver in the assay le:id 
must, even when it is very small, be detennined and deducted. 

4th, In individual cases, for the most accurate determina- 
tion possible of a small amount of silver in a substance not 
very rich in lead and greatly overcharged with {e^edalli/ 
sulphtir) compounds of foreign metals {partiadarly iron, 
zinc, tin, niekd, cobalt, copper, etc.), a proceeding partly in the 
wet way is to be recommended, espeuially when the copper in 
the ore is at the same time to be determined in the wet way. 
This is discussed more minutely undei' the wet assay of copper 
(page 75), and consists in decomposing the assay substance 
with aqH:i regia. The insoluble residue contains the silver 
as chlorid of silver, and is completely collected on a filter and 
dried ; the filter, with its contents, is then placed in a scoiifier 
or small chty cmcible and covered over with assay lead. This 
is placed in the mutBe with a very gentle heat at first, so that 
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the filter may first quietly carbonize. When this is accom- 
plished, the heat is increased so that the lead melts and slags 
a little. The alloy obtained is then cupelled, and, regard 
being h:id to the possible pi'esence of silver in the assay lead, 
weighed. 

5lh. For the examination o? poor slags, the following me- 
thod may also be sometimes used with advantage; 

They are smelted in a <!lay crucible with fifty to one hundred 
per cent, of pyrites that is free from gold and silver, a few 
per cent, of coal dust or colophony, and three parts by weight 
or less of borax, at a very strong I'ed heat. The slag must in 
this become completely fluid, so that all the crude matte pro- 
duced may flow together to a button. Tins crude matte con- 
tains now the collected silver, and the latter is, by a further 
treatment, i. e. by scorification of the matte with assay lead, 
etc., deteimined. 

ir. — ASSAY FOK AKGENTIFEROUS ALLOTS. 

Metallic alloys in which lead or bismuth makes up the prinei- 
pal part. 
These alloys, if they are pretty i-ich in silver, are im- 
mediately worked off on the cupel {e.g., Fretierg a.^^ Ober- 
harz ci-nde and refined lead) in quantities of four centner. 
Poorer alloys are, before the cupellation, slagged ofi" in quanti- 
ties of eight to sixteen assay centner and more on a scorifier, 
and the buttons concentrated to one. The quantities taken 
are, for Instance, of the Oberharz i-efined lead with one- 
eighth loth of silver, eight centner ; of the Freiberg assay lead, 
one poinid civil weight = filty grammes — about fourteen 
assay centner. Such a scorification mast also take place if 
notable quantities of foreign substances (fragments of matte, 
speiss, copper, antimony, etc.) are mixed with the argenti- 
ferous lead, and sometimes lead must be added in the. process. 
Thus, for example, at the Communion Unterharz smelting 
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works, dross is smelted to lead, and the resulting biitton scoii. 
fied with eight centner of assay lead ; similarly, the lead-but- 
ton from litharge, old Siearths, and skimmings is seorified with 
four centner lead. 

Argentiferous tin. 

This is best treated by first oxydizing it by itself on a scori- 
fier in the muffle. Twenty-five pounds of the oxyd are then 
mixed with sixteen parts of assay lead and four parts of boi'ax- 
glass, scorified and cupelled, Itmay also, in order tofaeiiitate 
the oxydation of the tin, be melted together with twiue its 
weight of lead, and when the oxydation is finishe<i, assay lead 
and borax adiled. The oxydation is gi'eatly promoted if the 
film which forms is constantly removed to the sides of the 
vessel with a spatula. 

ArgentiferovA zino is similarly assayed. 

Argentiferous iron, pig iron, and steel. 
If the iron, etc., can be had in the shape of filings, it may 
be mixed with some chlorid of sodium, and oxydiKcd in the 
muffle on a scotifier. Afterwards, for the scoiification, one 
part of iron is mixed with eight to twelve parts of assay lead, 
two to three parts of borax, and one part of powdered glass, 
and proceeded with as usual. If filings or very small 
pieces cannot be obtained, a weighed quantity is oxydized in 
porceL»in or glass with ordinary nitric acid, the oxyd obtained 
dried in the vessel itself, and then mixed as above for the 
seorification. At first a very gentle heat is given in the sco- 
rifying, in order to avoid any mechanical loss through the 
possibility of still escaping vapors. Also, one centner of iron 
filings, etc^ may be heated to redness in the mufile with one- 
half a centner of sulphur or one centner of pyrites in a small 
covered ci'ucible, and then scorified in the niufile with twelve 
to fifteen parts of assay lead, and fifteen jier cent, or less of 
borax. 
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It is also to be recommended to heat strongly fifty pounds 
of the suitably comminuted substance witli eight to ten i^arts 
of lead in an earthen cracible, then to add sulphar from time 
to time, and scorify the sulphid of iron formed ivith lead. 
With a very hot furnace and not too much iron, iho latter 
may also be scorified with borax and without sulphur, which, 
however, takes longer. 

Metallic alloys whieh contain mercury {natural amalgam, 
products of amalgamation, etc.). 
These are scorified and cupelled as nsual, only, on account 
of the volatility of the mercury, particular care must be taken 
that the charged assays be placed in the muffle furnace while 
it is yet cold, or nearly so, and the latter so slowly heated up 
that the assays shall only be fused after one to one and a half 
hoars. If the assays are placed in a hot funiace, the volatiliza- 
tion of the mercury, especially if it is present in considerable 
quantity, takes place so rapidly that it boils, and by this, por- 
tions of the assay are sure to be thrown out of the scorifier. 
With aanalgam, one centner is weighed out in a watch-glass, 
then placed upoii a pieviously well heated and dried cupel 
in the almost cold niuffle, and the heat gradually raised for 
about one and a half hours. After all the mercury is vola- 
tilized, the assay is heated to redness and cupelled with sis 
to seven parts of lead. 3fetaUic m,ercMry, which contains but 
little silver, may first be subjected to a cautiously conducted 
distillation in a glass retort, and then all the portions of glass 
to which the argentiferous residue adheres treated in the 
sccirifier in the usual way. A somewhat larger quantity of the 
mercury is then taken for the distillation. 

Alloys of silver and copper. 

It is an old transmitted custom to call copper, whether pure 

or combined with several per cent, of foreign bodies (black 
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copper), which contains under one loth of silver iti the mark, 
^.e. not over ten to twelve marks of silver in the centner, 
argentiferotts copper. If the nmouiit of silver rises higher 
and the copper is pure, it is spoken of as cupriferous stiver, or 
aUoyed stiver. The pi'ocesses for assaying them are some- 
what different. 

A. AEGENTIFRROUS COPrEE. 

Under this title are considered refined copper, black copper^ 
brass, tombac, bronze, gun metal, German silver, etc. (nickel 
also would be similarly treated). If the assay sample, be- 
sides silver and copper, contains only small quantities of 
foreign ingredients; if, for example, it is refined copper or 
good pnre black coppei-, it may be immediately cupelled with 
sixteen to eighteen parts of lead {compare the following sec- 
tion on alloyed silver). But the more the alloy contains of 
foreign substances besides copper and silver (gold, lead, and 
bismuth excepted), the less pi'acticable is it to subject it di- 
rectly to cupellation. It must then, after a preliminary me- 
chanical comminution which is to be carried as far as possible, 
be first subjected to a scorification conducted in the usual 
way. With respect to the quantity of lead with which the 
scorification is performed, it is a rule never to increase it 
unnecessarily, and also to promote the slagging by a large 
addition of borax. For black copper, refined copper, plnmbife- 
roiis copper (Darrkupfer and Kielinsi5cke), nine to ten centner 
of assay lead to half a centner of the assay substance are 
generally enough. With an increasing quantity of tiu and 
nickel, however, one mny be obliged, besides an addition 
of aa high as fifty per cent, of boiax, to increase the quan- 
tity of lead to twenty time's the weight of the assay sample. 
German silver and alloys conlaining lin require, in quanti- 
ties of fifty pounds, ten to twelve centner of assay lead and 
twenty per cent, of borax; if \eiy rich in tin, ten centner of 



.lec.y Google 



load to twenty-fiye pounds of the substance. The assays are 
repeated several times according to cii'cum stances, and the 
lead-buttons concentrated. Witli substances rich in silver, 
in order not to obtain too large globules of silver, the mark 
weight is used instead of the centner weight. The scorifica- 
lion is continued at not too high a heat till only a eon- 
Tonicntly small button of lead remains. Any silver that 
may be present in the assay lead used is determined and 
weighed. 



{Ingot assay, mint assay, fine silver assay.) 

A preliminary scoiification does not take place in this 

assay. The alloy is at once cupelled with a definite quantity 

of lead. It is generally the custom in Germany to use the 

mark weight (page 14) for this .issay. 

For the correct management of this assay it is necessary 
to detei-raine approximately by the touch-needle, by theco^tw 
which the alloy assumes upon heating, or by a preliminary 
assay, the richness of the alloy, unless this has already been 
ascertained in some other way ; for multiplied experieuce has 
taught that, for the most accurate possible detei-miiiation of 
the silver, the quantity of lead used in the cupellation must 
bear a certain relation to the composition of the alloy. Too 
iri'eat an addition of lead is followed by a loss of silver, and 
with too small an addition no pure globule of silver is ob- 
tained, as then all the copper cannot pass into the litharge, 
but covers over in a glutinous state the metallic bath (dfown- 
Ing of the assay). 

From the miter physical appearance of an alloy consisting 
of copper and silver, a conclusion may be drawn as to its 
composition. It is the richer in silver, the greater its specific 
gravity, the whiter its color, and the more malleable it is, 
i. e. the easier it can be hammered, cut, and filed — also, the 
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less i-lng it has ; and conversely, it is the riehei- in copper, the 
lighter, the yellower, the hai'der, and the more sonorous it is. 
The color on the touchstone is taken advantage of in the 
sxamination. This test presupposes the preparation of a 
series of alloys which contaio 16, 15, 14, 13, 12, 10, etc., loth 
of silver in the mark, and whicli are presei-ved in the foiin 
of little rods (needles) or lenses. Upon a smooth, poliaheil, 
hard, black stone (basalt, Lydian atone), streaks are now 
made with the different touch-needles, and by the bide of 
tliem, sti'eaks with the alloy to be tested. With sufficient 
practice, the richness can be estimated, by comparing the 
colors of the streaks, within half a loth (in the mark), or even 
somewhat closer. If, as in the case of coins and wrought 
ailver-wai-e, the surface of the alloy has been made i-icher by 
dissolving out the cojiper, it must be sfoured or scraped 
before the streaks are drawn for comparison on the touch 

This method, nsed by gold and silversmiths, may be em- 
ployed to good advantage, although it has no claim to 
accuracy; and moreover a small quantity of arsenic, zinc, or 
nickel, if contained in the alloy, makes it appear richer than it 
is. The touch-stone is again cleaned off with coal dust and 
oil, or with pumice-stone powder, by means of a piece of wood 
covered with leather. 

Less aceuiate is the teat by heating very gently in the 
muffle small pieces of the hammered alloy ; whereupon the 
surface becomes more or less thickly covered witli a film of 
oxyd of copper. Pure silver thus becomes dull, but remains 
white; fifteen-lotli siKer becomes uniformly gi'ayish white; 
fourteen-and-a-half-loth becomes of a dull grayish white, with 
black streaks on the edges; fourteen- to thirteen-and-tlirce- 
fourths-loth becomes almost grayish black; and thirteeii-and- 
a-half-loth, and all poorer silver becomes quite black. The 
temperature in the heating should, however, be neither too 



.lec.y Google 



high noi' too long continued, aa otherwise the colors do not 
-■how themsehea picperly. 

The suiest pii,hminary exiimination is that in -which a small 
quantify of the illoy, perhaps one-half mark, is cupelled with 
sixteen times its weyht of lead, and then, according to the 
ippioximite contents found, tlie atriet aasay proceeded with. 

For the quantity of lead to be used in cupelling an alloy, 
lecoiding t? Its iichness, tables have been devised, which 
procee 1 from the ri,«u!ts of direct exparienee. Erlcar gave 
the following relations : 
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lyArcet afterwards gave somL'what different proportions, 
as the table on page 142 shows. 

From the^e figures, confirmed in general by experience, it 
follows that in order to bring the copper into the cupel, more 
lead must be used in proportion when it is combined with a 
larger quantity of silver. 

The quantity of lead necessary also depends upon the tem- 
perature in which it is cupelled. The lower it is kept the 
more lead is i-equired, and conversely, the higher the temjjera- 
lure the less suffices. Too high a temperature in the cupel- 
ling is nevertheless, as has been ah'eady stated, alwavs 
accompanied by a loss of silver. It is a rule never to Increase 
uimecessarily the addition of lead, for which the numbers 
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larger than is given in the table, anci then cupel at a lower 
heat. 

The size of the cupel to be used varies with the amount 
of lead added, since experimentally a cupel cnn absorb its 
own weight of litharge. 

The absolute weight of the unit adopted in the assay is 
often one-fourth of an assay centner. This weight is taken 
aa one mark, and the lower subdivisions made accord in jjly. 
For each assay a mark is then weighed out, or, if the alloy 
is poor, one-half a mark ; but then the two silver globules 
obtained from the concuiTing aasay and its duplicate are 
weigliod together to witlnn oae-fourtb of a grain. In J^ei- 
berg the mark = one gramme is divided into one thousand 
parts. The weighing is carried to milligrammes, and only 
the whole milligrammes given, i. e. only the whole tenths ol 
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a per cent. In private sale the weight is given within one- 
fourth of a grnin — about a milligrainme. In France one 
gi'iimme oi- one-half a gramme is taken for each assay. The 
absolute value of the assay weight is indeed a matter of in- 
difference in itself; the above valne, howevei', has shown 
itself convenient and suitable for use. 

The quantity of the alloy required ibr an" assay, if not at 
hand in the granulated state, is so far flattened out with a 
polished hammer on a polished anvil, that it can be conveni- 
ently cut lip with the shears. The cuttings are allowed to 
fall into a dish of porcelain, sheet copper, etc., placed under- 
neath. The quantity for the assay and its duplicate is then 
weighed out upon an accurate globule balance, with the pre- 
caution of not taking too Bni;ill pieces, in order the more cer- 
t.ainly to avoid a possible loss. That the weighing must be 
done with the greatest accuracy, need scarcely he observed. 
The weighed alloy is wrapped up in as small a square as pos- 
sible of fine letter paper {a comet) or very thin sheet lead, in 
which hitter case the weight of the lead is to be deducted 
from that of the proper quantity to be added. Generally only 
two assays are made at once, but several may be conducted 
simultaneously, if with nearly equal richness they require an 
equal quantity of lead. 

The quantity of lead required is weighed upon a less accu- 
rate balance. No granulated lead is used in these assays, but 
the quantity requisite for each assay consists of a single piece 
cut from a thin plate of lead. If many assays of this kind are 
to be made, it is very convenient to cast the lead in spherical 
or hemispherical moulds (as musket balls are made), which 
are so graduated that the pieces east weigh 2, 3, 8, 10, etc., 
assay marks. The moulds, in the casting, foim at the same 
time figures upon the lead corresponding to these weights, in 
order to avoid mistakes. The lead must be entirely, or with 
the exception oi exceedingly small ti'aces, free from silver. 
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The assays can iiuleed be conducted in any large mnfflQ 
furnace of good quality, but generally a smaller furnace is 
ueedj partly on account of the saviug of coal, partly because a 
change of temperature cau be nioi-e readily produced in a 
Btnallcr furnace. 

After tlie fiimace has first been completely filled with coal 
of a suitalile size, tlie quantity of lead necee.iary for the assay 
and its duplicate is placed upon two well-dried and hot 
cupels, the mouth of the muffle closed with coala, and as soon 
as the lead is melted and begins to " drive," which with a suffi- 
cient heat in the furnace very soon takes place, the alloy is 
added, and now it also quickly fuses. Some assayei's have 
the custom of first plaeing the silver on the cupel, and when 
this is red-hot and the cornet is consumed, of adding the lead. 
In this way one may, perhaps, get along with somewliat less 
lead ; but also, if the lend is not added soon enough, tlie sil- 
ver may fuse, be partiiilly absorbed by the porous cupel, and 
a portion of it withdrawn from the influence of the lead. 
(Method at the Oberharz and Freiberg.) Sometimes a part of 
the lead is first placed on the cupel, and ivhen this " drives," 
thealloy wrapped in paper added, and linally, when thejiaperis 
burnt, the rest of the lead. {Mint of Hanover.) By this 
method, any metallic giobules that remain sticking to the 
sides of the cupel are washed into the metallic bath, .ind the 
temperature is moderated. 

The indications already given (page 121) serve for judging 
of the proper heat in the cupellation. The smoke nnisl cir- 
culate briskly, and if much lead is used — for example, with sil- 
ver anialg:im, i\ith twelve-loth silver, etc. — one can at first 
"drive" with a ring of crystals of oxyd. With refined silvei 
no crystals should appear, as the quantity of lead used is too 
small, and the brightening would not t-ike place hot enough. 
It b usual to have the temperature, imm,ed!alely after the 
fusing, so high that it has to be somewh.it modeiated by 
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closing the lower draft of tlie furnace. ITic temperature of 
the driving inetullio bath can also be lowered, if required, by 
bringing the cnpeis, wbich at iirst stand in the middle, further 
towards the mouth of the muffle, or by surrounding the 
assays with cold cupels or scoriflers, or by holding a cold iron 
(cooling iron. Fig. 22) over them, or by removing most of the 
coals from the mouth of the muffle. Poor alloys may at first 
bo kept somewhat hotter than rich ones ; almost pure silver 
needs for a pure brightening, a lower temperature than a poor 
alloy. The mufSe opening remains duiing the cupellation, 
excepting the room taken up by one or a few coals, entirely 
open. The coals seive to keep the eupels from being struck 
immediately by the di-aft of cold air. Instead of them small 
pieces of iron made for the pui'pose (Fig. 3) may advantage- 
ously be used. 

As soou as the "driving" has progressed somewhat, a new 
token is presented by which to judge of it, viz. the color of 
the portion of the cupel freed from the fluid metal. This 
must be red dish -brown. If it is while, the assay is too hot ; 
if it becomes black, the assay is too cold. 

The temperature fs raised by laying a glowing coal in the 
mouth of the muffle, by opening the draft of the furnace, by 
pushing back the cupels to the rear of the muffle, and by re- 
moving the empty cupels or scorifiers. The success of the 
assay depends not only on the choicit of the right quantity 
of lead, but also es]>ecially upon the proper management of 
the teniper.iture during the "driving" and the "brighten- 
ing"; and the latter is only to be learned by careful practice. 

The nearer the assay approaches to the brightening, the 
more sphei'oidal it becomes. 

As soon as the rainbow-play of coloi-e has ceased, a pui'O 

brilliant lustre appears; the assay briyhtens^ and is now 

finisheil. It is gradually and slowly drawn towards the 

month of the muffle, where it is allowed to stand awhile, in 

7 
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order not to produce a sprouting by too i-a[>i(l cooiing (page 
122). As soon as it is ready to brighten, the moath of the 
muffle ie half dosed in order to exclude the air to souie 
extent, for exactly at this instant the silver absoi'bs oxygen, 
and afterwards sprouts. The state of the atmosphei^e seems 
niso, however, to influence the sprouting. If a large globule 
of silver is heated long atter the brightening, there are formed, 
along with volatilization of the silver, isolated inequalities or 
protuberances on the surface of the fluid globule, which some- 
tiines unite into a crust, and after the cooling of the silver 
globule, possess a dull, silver-white color. According to 
Plattiier, such a separation appears to consist of a compound 
of metallic silver with oxyd of silver, and, analogous to over- 
refined coppei', should be considered as over-refined silver. 

"With assays that succeed well, the assay and its duplicate 
will brighten simultaneously or immediately after one another, 
and the weights of the globules, after cleaning with a brush 
of hog's bristles, will agree well. If a diflerence shows itself 
exceeding the limits ja-esciibed for such, e. g. over one-half of 
a grain in the weight, the assay must be repeated. If the 
assays of the top and bottom of a bar of silver difibr, the 
difference may be divided into three parts, one-third of it 
added to the smalleat result, and two-thirds subtracted from 
the highest; for, by exjierience, the result thus found agrees 
closely with the real value when the bar is melted, 

Besi<]es the diffei-once existing in the weight, it has been 
remarked that in assays that have been conducted with too 
much lead, the globules, instead of a strongly mai'ked hemi- 
sphei'ical form, have a more spherical one, sprout more easily, 
and seem to SL'parate pf themselves from the cupel, to which, 
if the assays were not very hot towards the end, they adhere 
bnt little- The part which rested on the cupel is then indeed 
colored yellow by oxyd of lead. If the assays brighten 
badly ; if the silver glqbule is flat and h.ls sharp edges ; if 
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gray or black spots of oxyd of copper appear on the surface ; 
and if it adheres very tirmly to the cupel — these ai'e indieii- 
lioiis, if the right temperature was employed, that tlie proper 
quantity of lead waa not taken for the assay. 

After the cessation of the rainbow colors, the brightening 
should neither come too quickly nor too shiwly. If it 
appears within the needed limits, the globule is lusti-ous, 
round (with extremely faint indications of crystalline faces), 
is easily separated from the cupel, the surface of which is 
quite dry without sparkling with solidified litharge, and is 
white and granular below. If the brightening follows too 
quickly, the globule i8 as it wei'e polished in some spots, in 
others dull; it adheres moje to the cupel, and is often cellular 
below. If the brightening proceeds too slowly, the sutface 
of the globule is dull white, shows more or less irregularities, 
has more or less gjwta of oxyd of copper, adiiei'cs stiongly to 
the fupel, and also indeed contains lead. 

The appearance of the cupel sometimes enables tis to judge 
of the constituents of the assay substance. With pure lead 
the cupel has a straw to an orange-yellow color; copper 
causes a green or a dark-brown color; iron gives a dark 
stain, especially shortly aftei- the commencement of the ope- 
ration, and also oeca'-Jona a dark ring ; zinc leaves behind a 
yellow stain, and gives out during the process a brilliant 
flame and copious viipors, which cause not an insignificant 
loss of siher; tin forms a gray, and antimony a light-yellow 
slag, which cracks the cupel. The last metals require a large 
quantity of lead for their proper oxydation. 

Since the attention ii demanded throughout the whole of 
the operation, it is usnil to eaiTy on onlj two cupeliations at 
once. The highest that might he allowed is to carry on two 
different assays, and thus four ( up c Hat ions simultaneously; 
but then the muffle must be so bio'^d that four cupels can 
cotivoniently be placed m a i ow -ide by sidt 
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In F)-eiberg, one mark of refined silver, with 98.4 to 99.2 
per cent, of silver, is clinrgecT with four pai'ts of lead ; silver 
fiom the amalgamation process, with 78 to 85 J per cent, of 
silver, with thirteen to sixteen parts ; sUoer from the extrae- 
tion pi-ooess, with 98 to 98.6 of silvei', with fiveto six parts of 
lead. In the assay of coins and old plate, more lead is taken. 
Coins, if tliey have been whitened exteriorly, must first be 
scoured, and old plate granulated. 

In the foi-mer m-hit at Clausthal, for the crucible assay of 
the granulated alloy for thalers, containing twelve loth of 
alver in the mark, forty-two loth of lead were taken to four 
loth of Uie assay subst.ince, and in the stock assay (of finished 
thalers) double these quantities ; in the assaying of refined 
silver sixteen loth of lead were taken to four loth of the metal. 
At the Vnterharz, to sixteen loth of refined silver, forty to 
fifty loth of lead are taken. 

Instead of lead, these alloys can also be citpelleil ^'ith 
bismuth. The ordinary bismuth of commerce is, however, 
generally too impure for this purpose, and must firat be puri- 
fied by cupellation and reduction of the oxyd of bismuth 
obtained. About half the quantity that would be required 
of lead Buflices for the eupellation, and the globules seldom or 
never sprout. But as bismuth is more costly, and occasions 
drawbacks rather than advantage in the opeiation, its use is 
not customary. Since bismuth is very fusible, the metal is 
found in almost constant ebullition, by which small drops are 
very apt to be thrown out in various directions. Moreover, 
the bismuth oxyd, which is more fusible than lithai'ge, by its 
more ready absorption into the pores of the cupel, occasions a 
larger loss of silver, and the silver globule always retains bis- 
muth. Less porous cupels and a lower temperature may 
remove these evils to some extent. The brightening is more 
distinct and decided. No futther attention is paid in what 
follows to the cnpellation with the bismuth. 
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The absorption by the cupel, wLich takes place in every 
cupellation, has been already (page 104) mentioned. Tlie 
amount of this is very vtiriable, and is the greater, the higlier 
the heat in which the cupellation was conducted, tlie more 
porous the cupels are, and the gfeater the quantity of lead 
used with equal richness of the alloy. Moreovei", it varies 
essentially with the composition of the alloy. This loss is 
seldom constant, even when the same alloy is cupelled in the 
same furnace, on similar cupels, and by the same assayer. 
Hence this method of assaying, though it allows of a higher 
degree of accuiacy than that of any other metal assay in the 
dry way, has nevertheless an uncertainty in its results. It 
gives the percentage of sOver too small, and that by a vari- 
able quantity. This loss is estimated by the coin commission 
at Paris, as the following comparative table on page 150, 
which is adopted in the assay laboratory of the coin and 
medallion commission at Pai-ie, gives it. 

As already stated, however, these numbers are not con- 
stint, and vary according to the circumstances under which 
the work is done. 

In Freiberg somewhat different results have been obtained. 
With refined silver the quantity of silver was found .0015 to 
,002 too small, on account of the absorption by tlie cupel. 
In alloys of medium richniies the loss given in the table is too 
low ; for example, there was found in the wet way eleven 
loth 17.6 grains, in the dry way eleven loth 16 grains, whence 
the difference 1.6 grains = .00555, while by the table it is 
.00452. But in this assay sixteeD parts by weight of lead 
were used, while the difference in the table followed from 
eleven parts. According to Plattner, fine silver with five 
parts of lead often gives as high as .009 or 2.502 grains per 
mark, loss; refined silver with fifteen loth of fine silver in the 
mark, and tlvc parts of lead gives 1.2 to 1.7 grains ~ .0042 
to .0059 loss. 
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I«,B,nrquan. 


Trne qnanU- 


Quantity of sliver 
found by cupt^Ua- 


% of EilYCr 
% cupclls- 


n«^ 


r™...^^=up.„a- 


llty of silver 


1000. 


998.97 


1.03 


500. 


495.32 


4.68 


975. 


973.24 


1.76 


475. 


470.50 


4.50 


950. 


947.50 


2.50 


450. 


445.69 


4.31 


925. 


921.75 


3.25 


425. 


420.87 


4.13 


900. 


896.00 


4.00 


400. 


896.05 


3.95 


875. 


870.93 


4.07 


375. 


371.39 


3.61 


850. 


845.85 


4.15 


350. 


343.73 


3.27 


825. 


820.78 


4.22 


325. 


322.06 


2.94 


800. 


795.70 


4.30 


300. 


297.40 


2.60 


775. 


770.59 


4.41 


275. 


272.42 


2.6 S 


750. 


745.48 


4.52 


250. 


247.44 


2.56 


726. 


720.36 


4.64 


225. 


222.45 


2.55 


700. 


695.25 


4.75 


200. 


197.47 


2.53 


675. 


670.27 


4.73 


175. 


1-72.88 


2.12 


650. 


645.29 


4.71 


150. 


148.30 


1.70 


626. 


620.30 


4.70 


126. 


123.71 


1.29 


600. 


595.32 


4.68 


100. 


99.12 


.88 


575. 


570.32 


4.68 


75. 


74.34 


.66 


550. 


545.32 


4.68 


50. 


49.56 


.44 


525. 


520.32 


4.68 


25. 


24.78 


.22 



Earlier investigations (l76l to 1769) by Tlllat, sdowed not 
only that eupellation gives the amount of silver in alloys too 
small, but also that the cupel contains about doubic the quan- 
tity of silver lacking, and consequently that the assay globule 
is never quite pnre, bnt always retains some lead and copper. 
If it is desired to show the presence of these metals, one or 
several cleanly hrushed silver globules are dissolved in pure 
nitric acid, the solution largely diinted with water, the silver 
precipitated by hydrochloric acid, the fluid filtered, evapo- 
rated till only a small quantity is left, and then tested with 
caustic ammonia, ferrocyanid of potassium, and snlpharic 
acid. 
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AUoys of silver and gold, and of silver and platinum. 
The silver is determiiiecl by methods given imder the assays 
of gold and platinum. 

Sectiox n. 

SILVER ASSAYING IN THE WET WAT, 

A.. Gay Ijiissac'a volumetric assay. 

The recognized imperfections of the cupellation assay {page 
104) induced the French ministry of finance, in 1829, to ap- 
|joint a special commission to examine the cnstomai-y modes 
of assaying and specify changes that might be made in them, 
(?ay Xmssoc, who took part In this commission, proposed a 
new method already nsed by Mm in his laboratoi-y, which 
proved itself, by further improvement, of such a degree of per- 
fection and practical usefulness that it allows of almost matlte- 
tiiatical accuracy, and is now established by law in France, 
and in the German States that took part in the coin conven- 
tion of July 30, 1838, for the stamping of coins. Gay Lussao 
describes the process in Ms work entitled " Instruction sur 
Fessai des niatieres d'argentpar la vote humide. Paris, 1832," 
111 what follows, only a short description of this method of 
assaying, with the addition of a few remarks, will be given, 
and for further details the I'eader must be referred to the 
work of Gay Imssoc himself. 

According to Gay Zussao's method of assaying in the wot 
way, the true quantity of silver in an alloy is found if a defi- 
nite weight of the alloy be dissolved in pure nitric acid, and 
then the quantity of a solution of chlond of sodium of kuown 
strength ascertained, which is exactly sufficient to throw down 
all the silver from the solution as chlorid of silver. 

Thus, then, the percentage of silver is not sought fi-om the 
weight of the precipitated chlorid of silver, but determined 
from the accurately found quantity of the salt solution used, 
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whose streiiglh ia precisely known from pi-evious examina- 
tion. 

Now either the weight or the volume of the salt solution 
used may be determined, Tlie firat requires a somewhat less 
complex npjiaratus, but demands more time for its accomplish- 
ment than the second method, which has been adopted in 
practice. 

If the assaycr wishes actually to obtain the accuracy which 
can be reached by this method of assaying, it is necessary 
that he nhoidil already know approximately the percentage of 
silver, either by a cupellation assay, by a preliminary exami- 
nation in the wet way, oi- fi'om previous experience. The 
presence of copper, lead, or any other metal (with the excep- 
tion of incrcnry) in the solution of silver has no perceptil»le 
influence upon the quantity of chloi-id of sodium necessary for 
its precipitation, sothatan equal weigbtof silver, whetherit be 
pure or combined ivitli other bodies, always requires an equal 
quantity of solution of chloiid of sodium for its precipitation. 

It is known, when all the silver is separated, fi-om the fact 
that a new and very small addition of s.ilt solution produces 
no more turbidity in the solution. In order to see any turbi- 
dity produced it is necessary that the solution should be clear, 
and this is obtained by agitating the milky turbidity briskly 
in the solution for some minutes before each new addition of 
salt solution, by which means the chlorid of silver collects to- 
gether and readily and completely settles to the bottom, 
leaving the solution clear. 

For the execution of the wet assay, according to tlie volunie 
of the salt solution used, it noiv becomes necessary that a 
solution of chlorid of sodium should be produced of such 
strength that each decilitre (^ 100 cubic centimetres, or a 
volume of water that weighs 100 grammes) of the same shall 
exactly decompose the solution of one gramme of chemically 
pure silver in nitric acid. Tliis is called the normal salt sola- 
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tion. Further, a, solution exactly ten times weaker lliau this, 
the tenth salt solution, is to be prepared, eacli liti'e of whii'h 
can predpitate one gramme of chemically pure silver. Moi'e- 
over, a solution of silver in nitric acid is required, which in 
one litre of fluid shall contain exactly one gramme of dis- 
solved eiiver, Thia is oalleil the tenth silver solution. 

The apparatus used must consist first of a vessel A (Fig. 28) 
for the reception and pre.servation of the normal salt solution. 
The latter, when the cocks Z' and E, are opened, runs through 
the tubes Z Z into the glas3 pipette Q. While this is filling with 
the solution, the air contained in it escapes from the opened 
cock R'. The pipette Q is of such a size that, when filled to the 
mark a h, it holds a decilitre of the normal salt solution, and 
discharges it from its mouth c, when this is opened, in a con- 
tinuous stream. When the cocks R and R' are closed, the 
screw V, which is connected with an opening, seiwes to admit 
a little air, and thereby to cause a slow out-flowing of the 
normal solution at c. In the metallic cylinder F, a ilask of a 
foi-m similar to Fig. 29 has been placed. It contains the 
nitric acid solution of the alloy to be examined, and the whole 
decilitre of the normal salt solution is now allowed to flow 
from the pipette Q into it. The flask is now again removed 
from the cylinder F, and when, by previous shaking, its con- 
tents have become clear, it is examined with the tenth silver 
and tenth salt solutions to see whether a turbidity is still pro- 
duced by either of them. In ordei- to have the silver at once 
precipitated as completely as possible by the normal salt 
solution, it is necessary to dissolve for the assay sneh a quan- 
tity of the alloy in nitric acid that the solution may contain 
as nearly as possible one gramme of pure silver. 

Since the contents of the alloy to be examined are ali-eady 
known approximately, or have been determined by a prelimi- 
nary assay, this preliminaiy approximate detennination is 
considered as connect, and upon this basis the quantity of the 
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alloy calculated, wliiyh must be iFeighed out in order tliat 
tlie nitric acid solution of it may contain one gntmme of 
silver. Previously calculated tables given by Gay Imsbug 
save the assayer even this slight calculation. 

The tenth, silver solution is prepared by dissolving one 
gramme of chemically pure silver in seven to eight grammes 
of pure nitiic acid, and diluting this solution with distilled 
water to one litre of fluid. For this purpose a flask, Fig. 30, 
is usfd, whicl>, when filled to the mark a b, holds one litre 
of fluid. The tenth silver solution is kept in a fl<ask with a 
glass stopper. For use in the assay a portion of the fluid ia 
poured into a glass vessel, F, Fig. 31, which holds about 
half a litre, and is provided with a cork, through which 
passes a suction pipe P, which is so adjusted that when filled 
to the mark c (^ it allows a cubic centimetre {— the volume 
of one gramme of water) to flow out. In order now to take 
out by means of the suctioii tube P one cubic centimetre of 
the fluid, which corresponds to yi^'iTi of the whole volume in 
which one gramme of silver is now dissolved, the tube 
which has been dipped in the flask F is again raised, while 
the upper end is closed with the dampened finger, and then 
by a lighter pressure of the finger, which allows some air lo 
enter, the fluid is allowed to flow from the lower opening o 
till its surface reiiohes the mark c d. The tube is now at 
once completely closed by a strong pressure of the finger, till 
it has been brought over a flask, into which it is to empty its 
contents by the removal of the finger. A cubic centimetre 
taken in this way is called a thousandth ; it is easy to allow 
one-half and even one-fourth of a thousandth to flow out. 

For the preparation of the norm:il salt solution it is taken 
as a preliminary guide that, if salt and water were pui'e, 
542.740 grammes of chlorid of sodium would be requii*ed to 
100 litres of fluid (an easy stochiomctrical calculation leads 
to this resTilt). It siitRces, however, to use comnie:cial 
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elilorid of sodium, of which a pretty large quantity of a solu- 
tion, saturated at tlie ordinary temperature of the room, is 
formed, and this solution filtered and kept on hand. The 
quantity of salt whicli it contains is learned by evaporating a 
definite quantity of it to dryness. If now, for oxample, it 
has been found that 100 grammes of this solution yield, after 
evaporation, twenty-four grammes of di-y salt, then for 100 
litres of normal salt solution are required 

24 : 100 : : 542.74 : x — 2261.4 grammes 
of the concentrated salt solution. These 2261.4 grammes of 
the solution are therefore diluted with water to 100 litres of 
fluid. 

This mixture may be made at once in the vessel A (Fig. 
28), After stirring well, we rinse out the tubes Z Z and 
the pipette Q with this solution, and then proceed to the 
rectification of the normal salt solution. For this purpose a 
preliminary tentb salt solution is next prepared by mixing one 
part by volume of the yet uni'ectifled noiinal salt solution with 
nine parts by volume of water. This can be done by filling 
the pipette Q to the line a b, and allowing its contents to 
flow into a perfectly clean litre flask (Fig. 30), which is then 
filled with water exactly to the mark « 5, and the contents 
well mixed. 

With just suoh 1 tube IS IS shiun jn (Fig 31), \\hich, when 
filled to the mirk f '7 cm also bold and dischaige a cubio 
(entimLtie of fiuid, thou tnJths of the s.iU solution miy be 
tik n 

4t the same time, m ciLh of seieril flasks of the foim 
shDnnm(Fig 29), one jiomme of themitallj pure siher has 
! (eti dissolve 1 ni pure nituo acid Into the solution m enh 
oi two of these test flasks, out, decilitie {i e the contents of 
the pipette Q (Fig. 23) filled to the mark) of the normal salt 
solution to be rectified Ls now allowed to flow. After the 
shaking and clearing of the fluid, one of these is examined by 
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the addition of tiiousaiidths from the tenth silver solution ; 
the other by the addition of thousandths from the preliminary 
tenth salt solution. Before each new addition of a thousandth, 
the solution muRt have been made clear again by agitation. 

If a turbidity is still produced by the tenth salt solution, 
the normal salt solution is yet too weak ; if a turbidity is pro- 
duced by the tentli silver solution, it is too strong. 

We will suppose the above normal solution, for example, 
to have been found five-thousandths too weak, we then have 

996 : 32 61.4 :: 5 : a; = 11.36 
i. e. we have 1 1.36 grammes of the concentrated salt solution to 
add to the normal solution in hand and thoroughly mix with it. 

If, on the other hand, the fluid was found flve-thousandths 
too strong, we liavo 

1.005 : 100 :i 5 1 497.51 
i.e. we must add to it 497.51 grammes of water. 

In both cases the normal solution is brought nearer the 
standard to which it must correspond. How close it has been 
brought, must be found out by testing anew in the same way, 
after the tubes and pipette (Fig, 28) have been first rinsed 
out with the new fluid. This testing and rectification must 
continue till a correct normal solution is produced. But as 
it is very dilBcult to keep this solution pei-fectly accurate, it 
is considered as well adjusted when the test gives a variation 
of only one-quarter to half a thousandth over or under the 
required normal strength. Now for the first time can a coi- 
rect tenth salt solution be prepared. 

For nse in assays the latter is kept on hand in exactly such 
a glass F {Fig, 31), with a suction tube, P, as is used for the 
tenth sliver soliition. Every cubic centimetre taken from 
it with the suction tube, coi'i-esponds now to exactly ^7^ of 
the quantity of salt necessary for the precipitation of one 
gramme of silver. A thousandth of the tenth silver solution 
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and a thousandtli of the tenth salt solution, mixed togeLlier, 
reciprocally decompose each, other completely. 

Tliat the preparation of a new noitnal salt solution proceeds 
more rapidly, if from a previous normal solution an accui-ate 
tenth salt solution can be pi-epared and kept on hand, is easily 
eeeu from what has been already said. 

The vessel A (Fig, 23} for the preservation of the normal 
salt solution may be made of glass, or, as is more commonly 
the case, of sheet coppei', which is well coated on ihe inside 
with a suitable varnish, or witli pitch, to |>revent a working 
of the salt npor» the copper. The cover of the vessel is con- 
cave, and has an opening that is closed by a screw-stopper 
fitted tight with leatlier. Through the screw-stopper tliei'o 
passes a glass tube, I, reaching nearly to the bottom. Through 
this tube air can enter, but no evaporation can talte place : n 
is a stopper by whish the glass tube is closed when the appa- 
ratus is not in use. The tube Z Z proceeding from the vessel 
contains a spirit thermometer, which shows the temjierature 
existing in the normal solution. The pipette Q is maintained 
immovable and vertical by a small wooden apparatus fastened 
to a wall or window -frame. About three to four inches from the 
end of the discharging tube of the pipette Q ; it passes through 
an inverted funnel, to which a tube, T, is soldered, that is 
designed to conduct away the nitrous acid vapors which the 
funnel collects. The tube T may be either conducted through 
a window into the open air, or connected with a box, D, in 
which a lamp or a dish of coals stands to promote the dr.aft, 
and from which all vapors are drawn throHgh the tube^ into 
a chimney. 

F is a cylinder of tinned iron, in which a flask of the foi'm 
Fig. 29 is placed. Tlie latter contains the alloy or the fine 
silver weighed out for the assay, which was dissolved in it in 
nitric a«id. The cylinder F is firmly connecteil with the 
wiping apparatus,M, and with it is easily movable in cleats, L L, 
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so that the cyliniiei' or the wipui- may l>e brought under the 
opening, c, of the pipette, as may be required. This wiper 
consists of a sponge covered over with lineu cloth, or of an 
elastic huncli of iron-wire eloth covered with linen. 

W n the pipette Q is to be tilled with the normal salt 
8 u on louth c id closed with the finger, the rospectii'e 

c olvs E n R' opened, and tlie solution allowed to flow in 
unt e somewhat above the mark a b. The cocks R 

an! R a e then closed, the finger removed, the end, c, of the 
pipette brought in contact with the wiper, and the sohition, by 
a very slow admission of air through the screw V, allowed to 
run out till its sui-face is exactly even with the mark a h; the 
screw V" is then closed, and opened anew when the cylinder 
with its flask has been brought under the opening, so that 
the contents of the pipette slowly flow into the flask. The 
last drop or drops which remain hanging in the opening of 
the tuba at c, and do not flow out with the continuous stream, 
are not brought into account in any assay or rectification, 
and are removed by a fresh use of the wiper. 

In order to avoid interchanging them, each flask (Fig. 29) 
and its stopper is provided with a number. To facilitate the 
shaking of the flasks Cray Lussao has contrived an appai'atus 
(Fig. 32) which holds ten flasks, is supported above by the 
spring R, and ia connected below with a spiral spring. The 
flasks are made fast to it by small keys, and it must also con- 
tain an arrangement by which the stoppers of the flasks are 
pressed firm during the shaking. The latter is not shown in 
the di'awing. 

Still another apparatus holds ten flasks, for dissolving the 
alloys in them, either in the sand or water bath. 

As an example for the practice of the wet way volumetri- 
cally, let a coin of the Gennan Confederation {a two thaler = 
a three and a half guilder piece) be the sample to be assayed. 
We know that such a coin, in 1000 parts, should contain 900 



.lec.y Google 



parts of silver and 100 parts of copper. A difference of tliree- 
tfiousaiidths, eitlier above or below this standard, is allowed 
ill its composition by the coinage laws, without prejudice to 
its legality. 

To dctei-mino the quantity of the alloy that must be 
weighed out for the assay, the calculation of this weight is 
now made, not for the standard of 900 thousandths, but for 
a proportion of 897 thousandths, since cxpcrieiioc has taught 
that it is far safer and simpler at the end of the assay to find 
a higher value by the addition of thousandths from the tenth 
salt solution, than to be obliged to add tenth silver solution, 
and thus to find it lower than has been supposed in the cal- 
culation and weighing out of the alloy. Solutions, to which 
the tenth silver solution has been added, clear themselves 
with far more difficulty than those to which tenth salt solu- 
tion must be added. Frequently they do not become clear 
at all, so that one is obliged to begin a new assay with a 
somewhat larger quantity of the alloy. 

Since we assume in our exiimple that 1000 parts contain 
897 parts of pure silver, we must, in order to have 1000 
parts of fine silver, weigh out 1114.83 thousiindths of the 
alloy. But, as it is impossible to weigh accurately upon the 
balance this fraction of a thousandth, 1115 thousandths, i.e. 
1.115 grammes are weighed out for the assay. The exact 
richness is now sought, which corresponds to this round sum, 
and for this we have 1115 ; 1000 :; 1000 : a; = 898.86 i.e. we 
are now going upon the supposition that the alloy, in 1000 
parts, contains 89li.86 parts of silver, and not 897 parts. 

The weighed assay is placed in the flask without loss, with 
six to ten grammes of nitric acid of 32" added, and dissolved 
in the water-bath. The nitrous acid formed is dijven out of 
the flask with a little bellows ending in a glass tube bent at a 
right angle. The flask is now placed in the tbin metallic 
cylinder F (Fig. 28), the pipette Q filled in the manner 
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described, and its contents allowed to flow into the fl»sk 
The contents of the flask are now briskly abaken for two oi 
three minates in tlie sliaking ajipiratiia, and •kfter the subsid 
iitg of the chlorid of silver and the cle mng of the fluid, i 
thousandth of the tenth suit solution is added by meini of 
the suction tube. If a turbiditj ls pioduced at the suiface of 
the fluid, the flask is closed ind shaken inew, wheieiipon 
a second thousandth of the silt solution is added This fpe 
ration is repeated, after shaking in each case, until witli i 
further addition no more turbiditv follows 

Suppose that, in order to reach this punt we hue been 
obliged to add four thousandths of the sJt solutim (whuli 
correspond to four thousandths of a gramme of pure silver), 
we now have all the data required to enable ua to determine 
tlie silver contents of the piece assayed. 

Firat, it is clear that the last added thousandth cannot be 
taken into account, as it produced no further eflect. There 
yet remain, therefore, for the calculation, three thousandths. 
But it may be supposed that even the third thousandth was 
too much, and that, if only the half of it is counted, the 
ti'uth will be most nearly appi'oximated. We retain there- 
fore, finally, only 2^ thousandths, 

Tn the 1115 parts of the alloy that were weighed out for 
the assay, we have now found 1002.5 parts of fine silver. 
We have therefore, 

1115 : 1002.5 : : 1000 : x = 899.1 
i, e. the piece subjected ts the issij bis, in inOO puts, 809.1 
parts of fine silver. 

We seek to avoid is much as pos-^ible, being obliged to 
add many {six to ten) thousandths ot the salt solution, and 
prefer, in a case in whn,h this betinie necessirj, to repeat 
the assay with a somewhat smaller quantity of the alloy, 
since errors, though rh(.y be but am ill, arc alwi^a to be 
feared when too many thoubindths must be adicd 
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Bat now, if tlie first thousandth of the salt solnlion added 
had produced no further tni'hidity, the riohrioi^s of tlie piece 
would be exactly, or under, 896.86. To find it more accu- 
rately, we decompose the first thousandth of tlie tenth salt 
Bolution by a tliousandth of the tenth silver solution, and 
proceed, after shaking and clearing each time, with the addi- 
tion of single thousandths of the tenth silver solution until no 
fui-ther change ia produced by them. Let us suppose that 
of the thousandths of tenth silver solution added — after 
deducting the last ineffective one — ^three came into account, 
we then have 

1115 : 997 : : 1000 : v. ~ 894.16 
i. e. the contents of the alloy amount to 894.16 parts of fine 
diver ill the 1000 parts. It would be best, however, in this 
case to repi>atthe assay, weighing out for it 1120 thousandths 
(j. e. 1.120 grammes) of the alloy. 

It has been always taken for granted thus far that the 
temperature of the normal salt solution remains constantly 
the same. But this is not the case, and it will sometimes 
show a somewhat higher, and sometimes a somewhat lower 
temperature than that for which it was adjusted. The spirit 
thermometer in the tuhe Z Z serves for observing the existing 
temperature of the solution. Gay Zussac has given tables 
of corrections for variations in the temperature. But instead 
of using these tables it ia better to remove these variations, 
by adjusting the nornLil solution for the medium temperature 
of the room, and then, on e;ich day when assaying is to be 
di)ne, to fii-st make an assay with one gramme of chemically 
pure silver, in order to always learn exactly the strength of 
the normal solution for the temperature at which the work is 
done. Let us suppose, for example, that it was found that 
for the precipitation of this one gramme of silver, besides the 
volume of one decilitre of the normal salt solution, one 
thousandth, borrowed from the tenth salt solution, is required. 
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then is this thonsnndth to be first ileducted in all assays made 
at the same time, before their value is calculated. This daily 
testing with one gramme of pure silver is moreover to be 
prefer]-ed, because experience baa shown that the strtmgth 
of the normal solution (perhaps by a woikiog upon tlie walls 
of the vessel, evaporation and condensation of drops of puru 
Wiiter in the vessel A itself, or from causes yet unknown) 
fluctuates slightly, and also because by this the disadvantngc 
already specified above — that the normal salt sohition cannot 
bu rectified with absolute accuracy — is removed. 

For those silver assays according to the volume of the salt 
solution used, it is indispensabk that the volumes of the litre 
flask, the pipette Q, and the suction tube, should hsLve precisely 
the correct ratio to each other. That, on the other hand, the 
litre flask should hold exactly a litre, is really unessential, 
provided that the other vessels have a size exactly proportion- 
ate to it. 

To avoid calculations during the assaying, the tables given 
by Gay Xussac can be used, to which the assayer may add 
tables previously calculated by himself, going more into de- 
tail foi' fi-equently recurring special cases. 

It has already been stated that in practice the assay ac- 
cording to the volume has been found more convenient than 
that according to the weight of the salt solution, since, leaving 
out of consideration the time necessary for weighing out the 
alloy, thirty diffei-ent assays can easily be finished in a day, 
provided that the riclmess ta ah-eady known approxi- 
mately. 

Where assaying is seldom done, or one has but few assays 
to make, the method according to the weight of the salt solu- 
tion may bo used. A normal salt solution is to be prepared, of 
which one hundred weighed grammes precipitate exactly one 
gramme of dissolved silver, A graduated glass cylinder {Fig. 
2T), which holds 120 to 150 grammes, is filled with this normal 
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Bait BolutioTi, to the highest mark, and aecnrately weighed. 
The graduation on the cylinder is made to gi-ammes, hut 
gives only an approximate guide to determine the qustntity to 
be poured out. In these assays by weight, the quantity of 
alloy to be weighed oat for each assay remains constantly the 
same, and amounts to one gramme. If two gvammea are lo 
be taken, the normal salt solution must be adjusted accord- 
ingly. It is also necessary here that the riehne.ss of the alloy 
to be examined should be already known appr<)xlm3tely, that 
the assajer may be able to judge beforehand, how much of 
the normal salt solution is to be taken, in order to obtain 
complete decomposition. This quitutity (estimated by the gra- 
duation) is poured from the opening, o, of the tube of the 
cyliiider into the flask which contains the alloy dissolved in 
nitric acid, and the cylinder with the remaining aoltition agdn 
weiglied, to ascertain the weight of the normal salt solution 
used. The quantity of fluid which it is intended to use cannot, 
generally, be taken from tlie cylinder with accui'acy, since no 
quantity smaller than one drop can be poured from it. But 
this is a matter of indifference. It sufBcea to wuigh accurately 
the amount of solution used, and that this amount be taken as 
nearly as possible corresponding to the richness of the alloy. 
The assay is now finished by a tenth salt, or a tenth silver 
solution, which is added in thousandths by volume, as in the 
assay according to the volume of the salt solution. 

It is already stated that the presence of meicni-y influences 
the quantity of salt solution necessary for the precipitation of 
the silver, and the assay then becomes incorrect. Whether 
mercury is present or not in these assays, may be known from 
the fact that the precipitated chlorid of silver, which other- 
wise, when exposed to the difiiised light in the room, readily 
and sensibly changes its color, no longer becomes blue, when 
it contains four to five thousandths of mercury. With three 
thousandths of mercury even, in the clilorid of silver, no per- 
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ceptible coloring is visible, but it appeara if the quantity i^ 
less. 

If such small qnaiititios of mercury are sus^pected, a portion 
only (about one-fourth) of the silver ia thrown down by solu- 
tion of suit, when all the mercury cornea down with it, and 
mates itself tnown by the non-oecurrenoe of a change of 
color in tlie chlorid of silver. 

In all cases, therefore, where mercury is found in the alloy, 
the result of the wet assiiy must be rejected, and only a cupd- 
latiori aasay I'cmains practicable for the examination. 

Also the presence of sulphur and tin in the assay sample 
impairs the practicability of tlie process. By using coticcu- 
trated sulphuiic acid instead of nitiic acid as a solvent agent, 
Leool removes alt inconvenience. 



Other ussai/3. 

1. S-'hoffka dissolves a weighed quantity of cupriferous 
fiilvcr in nitric acid, neutralizes and adds a standai'd solu- 
tion of cyanid of potassium, until a liglit I'eddiah-brown 
copper pi-ecipitate is formed which does not disappear by 
shaking. 

2. Poor argentiferous ores which contain considei able quan- 
tities of sulpliids, are decomposed liy hydrochloric acid or 
aqua regia, filtered, and the dried residue scorified with lead. 

3. Boasted amalgamation ores are examined in Freibei-g 
for the silver free from chlorine which they contain, by digest- 
ing the chlorid of silver repeatedly with concentrated solu- 
tion of chloiid of sodium, washing the residue with water, 
aud when dry scorifying it with lead. 
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ADDITIONAL EEMAEKS UPON THE SILVEE ASSAY. 

Methods for avoiding considerable differences in the silver 
obtained from specifically light assay powders. 

At the smelting-works in Mlsohdnya the scorification assay 
for auiiferous silver ores is conducted by weighing out the 
assay powder in the scoritier upon an under layer of gi-anu- 
lated Villach lead, thun covering it with the same, and scori- 
fying in the muffle. Yon Berks has remarked that by this 
method very essentia! differences in auriferous silver are 
given with assay powders of very low specific gravity, which 
has its cause in the Stct that these powdei-s, rising to the sur- 
fiice in the gradual fusion of the lead coveidng, continnally 
swim about on tlie top with a rotary motion, and form at 
the rim of the scorilier a circle of dross which encloses more 
or less particles of the raw assay powdei-, which, in the pour- 
ing out of the scorified lead into the moulds, are never col- 
lected with it. This evil would be reuio\ed if the weighed 
assay powder were carefully mixed with the granulated lead 
and then a lead covering given. Every gi-anule of lead ia 
thus almost coated over with the dust of the a^say powder, 
and in the smelting draws it iu, absorbs it, and, forming a 
whole with the rest of the lead grains, carries the metallic 
portion of the assay powder as completely as possible into 
the scorified lead. 

The latter method has been many years in use at the Miirz 
smeUing-houses. 

Zoss of silver hi relation to the quantity of lead used in the 
cupellatlon. 
In the nictall urgieal laboratory at London, experiments 
have been ma<Ie by Kamhly, as to what effect it has on the 
loss of silver occurring in the cupellation, if different quanti- 
ties of silver aroused with the isame/jrcjjciriiosia/ quantity of 
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lead, and what loss of silver is produced by increasing the 
proportion of lead. These experiments resulted as follows: — 
Amoimt used. Loss of silver in 



Lmd. 


Silver. 






1000 piirts. 


250 grains. 


25 gmins. 






10.67 


100 " 


10 » 






10.35 


10 " 


1 « 






12.25 


"When five grain 
lead increasing fro; 
parts increased fro 


s of silver were cupelled with quantities of 
m 6 to 175 griiins, the loss of silver in 1000 
m 5.5 to 18.8 parts. 



Gay iMssaii's silver assay. 

It has not yet been successfully attempted to add essential 
changes to Gay Lussao's process for assaying silver in the 
wet way, in spite of its niuHifarious use in very different 
localities. 

Mohr makes the following remarks upon it. 

1. While in the volumetric assiiy a constant qiiantity of 
the sample is generally weighed, and its richness determined 
by unequal quantities of the titrated fluid, in the silver assay 
varying quantities of the substance are taken, but constant 
quantities of the titrated fluid used. 

An ordinary burette, on iicuount of its width, permits no 
veiy close reading, and its gi"dduation lines cannot he so 
closely accurate as the single mart on the pipette used in the 
silver assay. 

Hence the assay is conducted by dissolving a quantity of 
the substance which contains about one gramme of silver, 
adding 100 cubic centimetres of normal salt solution, which 
pi-ecipitate exactly one gramme of silver, and then finishing 
the precipitation of the silver by the tenth solution. The 
quantity of silver in the sample must have been previously 
determined by an approximate test. 

2. Gay Lussac recommended to te-.t a stiong solution of 
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elilorid of sodium for its salt once for all by an evapi)i'atIoii 
espertment, and to citlculate tlio composition of the jiormal 
salt solution from the resvilt of this. 

According to Mohr a completely saturated solution of salt 
111:17 be used, in wliich a difference of temperature makes 
almost no difference at all in the contents. Ten cubic centi- 
nielres of such a solution contain 3,184 grammes of salt. If, 
then, seventeen cubic centimetres of it are diluted with water 
to one litre, 100 cubic centimetres of this will precipitate 
exactly one gramme of silver. 

3. Mohr has, by the use of caoutchouc tubes, and spiiug 
cocks, produced a pipette arrangement whioli is clienper than 
that of 6ay Lussae with silver tubes and cocks. If the 
]>oint of the pipette ia rubbed with tallow or paraffine, the 
Ouy Zussac wipei' becomes superfluous. 

4. The assay silver is dissolved in dilute nitric acid, free 
from chlorine, of 1.2 spec. grav. Strong acid dissolves tbe 
silver more slowly. The glass is set in a wavm place or in 
warm water, and the glass stopper either remoi'ed or put on 
loosely. 

a. The inconvenience that, in &ay Lussac's assay, between 
two examinations and observations, a period must elapse for 
the fluid to become clear, and that with insuificieiit cleai-ing 
the production of a turbidity remains doubtful, Mohr has 
sought to avoid by a modification of the process. 
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The same peculiarities whiuh bo distinguish silver that tlioy 
are made use of for the assay of this metal in the pure dry 
way, are also ]>ossesaed by gold, and that in so high a degree, 
that all which was said upon the aasay of silver holds gotid 
also for the assay of gold ; so that but few modifications ai'C 
required, and even these arc slight, and necessitated only on 
account of the peculiar occurrence of gold, or on account of 
slight differences between its pi'openies and tiiose of Hilver, 

Gold generally occurs in tiatui'e in the tnetcdUo state, and 
usually in combination with other metals, espoci^illy silver 
(one to forty per cent.), more rarely with mercury, c:>pp',T, 
iron, palladitnn, etc. It is but seldom fonnd miner; di zed, 
though besides selenium and teUurimn, arsenic and autiiaony 
ap[>ear to act as mineralizers. In pyrites [aurtferoita jyyrites) 
the gold is gtnerally present in the metallic state. Besides 
native gnld, the principal gold ores are : goM amalgam 4 
(Au-i Hg5) + Ag Ilg with 38.7 gold, 6 silver, and 58..t mer- 
cury; s3/fo«nite Ag To + 2 Au Te, wilh 26.3 gold and 14.3 
silver, or (Ag,Pb) (Te, Sb) + 2 Au (Te, Sli). with 25—29.6 
gold, and 2.8—14.0 silver. 

An auriferous ore, rnetalliu'gica] product, etc., i< ti'cate 1 
exactly liUe a similar argentiferous one. But the result of the 
assay, conditioned by the character of the assay substance, is 
never, or only with the rarest exceptions, pure gold, hut an 
alloy of gold with more or less silver. The'peculiarityof the 
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gold assay therefore consists particularly in a further separa- 
tion of the gold from the silver. No instance is known 
where ores, which contain gold, copper, and lead, do not at 
the same time contain silver. The gold obtained from wash- 
ings also is not pure, but contains more or less silver. The 
process of assaying for gold, therefore — provided that the 
substance to be examined is not already auch an. alloy — 
must firet be so directed as to separate the gold contained in 
the assay sample as an argentiferous alloy ; and secondly, to 
obtain the gold isolated from this alloy in the wet way. 

The wet w>ay of assaying is more rarely used with ores than 
with alloys, 

SEcriON I. 

AUKIFEROITS SUBSTANCES WHICH ABB NOT ALLOTS. 

Mechanical gold assay. 

For the determination of the metallic gold contained in 
washings and very finely pounded ores, e. g. in auriferous 
pyrites in the raw and roasted states, the miner makes iise of 
a mechanical assay, in which he separates the n on -auriferous, 
specifically lighter portions from the gold by washing them 
away. In the Sungarian and Transylvanian gold mines 
and washings, a small hand washing-trough is used for this 
purpose; in America, a varnished wooden plato of about 
eighteen inches in di.ameter. When a few assay centner of 
ore are placed in a depression in the centre of the plate, 
water added, and the plate rapidly whirled, the light portions 
are thrown off over the periphery. 

The washing-trough is eighteen to thirty-six inches long, 
and twelve to eighteen wide, and provided on three sides with 
a rim two and a haJf inches high. A few assay centner and 
more of oie are washed away upon it until a wcighable quan- 
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tity of gold has collected in one oorner, when it is dried on a 
clay dish. 

A practised workman may in this way-ottain an ajiproxi- 
mately correct result, but this process can make no pi'Cteiision 
to the name of a scientific assay. 

According to BoussingaM, pyritiferoua ores in which the 
gold is contained only in the finely divided metallic state, can 
be accurately examined by first completely roasting them 
and then wasliing them on the washing-trongh till only pure 
gold remains behind. The light sesquioxyd of iron, produced 
by the roasting, then greatly assists the manipulatjon, Ker- 
sten has employed this method for the examination of auri- 
ferous pyrites, but perfoiTaed the washing in a glass cylinder, 
and treated further the auriferous residue, after smelting it 
■with boi'as and lead. According to the experiments of 
Tsch^kin, however, a roasting of auriferous ores may per- 
haps be disallowable, since a not inconsiderable quantify of 
gold is thus dissipated mechanically. According to Wlnkhi- 
and Secquerdl, this loss of gold is nevertheless not so consi- 
derable as 2hcheff^kin supposes it. 

The already almost entirely pure auriferous silver separated 
by mechanical preparation on a large scale, needs only to be 
smelted together with some borax (in a black-lead crucible) 
to free it from small quantities of earthy matter yet possibly 
adhering to it. 

Assays in the drt/ way. 
For the general assay management of ores, metallurgical 
products, etc., all the methods of proceeding in the dry wav 
are used, which are given for the corresponding assay of sil- 
ver; only if, as is extremely often the case, the assay sub- 
stance is very poor, far greater quantities must be used for 
an assay ; since, in order to be able to effect with certainty the 
further quantitative sepai'ation of the gold from the silver, at 
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least nine assay pounds of auriferous silver must have been 
obtained from the cupellation. From this it is evident that 
with a very poor assay sample, 500 to 600 assay centner, or 
even more, may be required for an assay; and that only with 
a very rich assay sample do one or a few assay centnev suffice. 
The vessels used then must be suitable for this weight, or the 
portion to be fused must be divided among a corresponding 
number of them. 

The following methods are used according to the richness 
of the assay substance : 

1. The scorification assay. This is to be recommended 
with a rick assay sample or with one of medium value, since 
Otherwise the quantity of lead to be cupelled might become 
too great. Generally, then, one centner of ore is scorified 
with eight centner of granulated lead and as high as one-half 
a centner of borax. This is repeated several {eight to twelve) 
times, and the buttons concentrated if necessary. According 
to Aidarow, no loss of gold takes place in the seorification, 
but a loss occurs in the cupeliation by the absorption of the 
cupel. The gold, however, only soaks into the cupel when 
it has been scorified with lead beforehand. If gold is added 
to lead that ia already fused on the cupel, no loss of gold 
takes place in the cupellation. The seorification assay may 
also be employed with poor pyritiferous ores, if from a larger 
quantity (twelve to tifty assay centner) of them, in the roasted 
or unroasted state, moat of the foreign metals are previousiy 
extracted by heating with nitric acid free from chlorine. 

2. Crucible smelting with lead or litha/rge. For a poorer 
assay substance, a crucible smelting of the kind described {pages 
127 and 133) is generally chosen. If the other constituents of 
the assay sample are earthy matters, lead is to be chosen as 
a flux; if, on the other hand, sulphids are most predominant, 
litharge is chosen, and little or no coal added. 

For unroasted ores (twenty to thirty assay centner) a suita- 
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ble charging is foui- parts of caibonate of potassa, eight t^ 
twelve parts of litharge, or better, sugar of lead, one-fourth 
glass and borax, and one-sixth coal dust. Fi'om nagyagile 
the tellurium is advantageously extracted beforehand by treat- 
ment with sulphuric acid. 

Witl] very poor pyritiferous ores, a civil pound is complete- 
ly roasted in the muffle, or in an iron pan laid over the fire, 
and previously rubbed over with clay or chalk. The roasted 
mass is mixed with one-half to one-fourth of a pound of potash 
or soda glass, one-fourth of a pound of black flux, and one 
pound of assay lead (or litharge), covered with chlorid of 
sodium and smelted about two hours either in a single cruci- 
ble or io a number of smaller ones among which the charge 
has been distributed. The resulting lead is cut in pieces, and 
the separate pieces sconfled till a singU button is obtained, 
which is cupelled. With very poor ores as high as three 
pounds must be used for the assay. 

It is essential in these crucible fusions that the mass should 
become perfectly fluid, which frequently, e. g. in tlie examina- 
tion of zinc blende, requires some attention ; and further, tliat 
with unroasted ores all sulphur compounds be decomposed, 
since alkaline sulphids formed tn the smelting and not again 
decomposed, as well as undecomposed metallic sulphids, retain 
small quantities of gold. An addition of saltpetre is to be 
recommended, in order to attain with more certainty the lat- 
ter object ; however, saltpetre easily leads to mechanical loss 
by the foaming up of the assay, and too large an addition 
prevents the reduction of the litharge ; it is, therefore, only 
to be used with great caution. 

3. MafM Assay. For poor gold ores whieh consist of a 
mixtui-e of earthy and pyritiferous substances, it is also pro- 
posed to fuse them together with equal parts of glass and 
vitrified borax, with a thick covering of salt, and then to 
treat further the crude matte thus obtained. 
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The alloy of gold and silver with lead olitained by any of 
thase methods is cupelled precisely as was taught with silver ; 
only, as gold is less fusible than silver, the cupels, especially 
towards the brightening, must be kept some\i'hat hotter in 
order to obtain the auriferous silver globule pure. The 
■weight of the globule shows the sum of the amounts of gold 
and silver in the assay sample, and serves at the same time, 
after, by a further process, the atnouut of gold in the aurife- 
rous silver has been determined, for the determination of the 
quantity of silver present, as this corresponds simply to the 
diiference. 

If only small quantities of substances very poor in gold are 
at command, frequently only a trace of gold can be found by 
the methods given. But by the help of the blowpipe method 
the amount of gold may then be determioed with sufficient 
accuracy in the following way. An auriferous silver globule 
is produced from twenty to thirty assay centner of ore, etc., 
by any of the preceding methods, weighed by the ordinary 
assay weights, and the silver introduced by the litharge or 
lead deducted. The globule is then weighed by the blowpipe 
assay weights, the silver in question likewise deducted, the 
gold separated from the silver after the method to be here- 
after described, and the weight of tbe globule of gold deter- 
mined with a measuring rule. 

In stating the result of an assay, it is not usually the cus- 
tom in Gennany to give directly the amount of gold per 
centner of an ore, but to give the quantity of auriferous silver 
in one centner of ore calculated in marks and loth, and then 
to add the amount of gold in a mark of the auriferous alver, 
calculated in carats and gran or denar. 

Assays in the wet way. 
The following assays may be used : 
1. The method with aqua regia. With substances rich in 
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gold, e.g. rich gold quartz, one or more assay centner is 
digested upon the sand-bath with three to four times its 
weight of aqua regia (four parts chlorhydiic acid of 1.178 
spec. grav. and ore part nitric acid of 1.28 spec, gray.), the 
solution decanted, the residue cleared up with aqua regia 
and washed witli distilled water. If necessary, it is filtered. 
As the chlorid of silver forming is apt to coat over the gold, 
and thus protect it from the acid, the mass must frequently 
"be stirred while in process of solution. 

From the solution which contains chlorid of gold, the gold 
is precipitated in the metallic state. But in order that it may 
not redissolve in the excess of aqua regia generally present, 
the solution is evaporated before the precipitation, till all 
the nitric acid is driven off. This is pi-omoted by a gradual 
addition of concentrated hydi-ochloric acid while evaporating. 
The solution is then diluted with water. 

As a precipitant for the gold, we may use : 
a. Protosulphaie of iron Fe 0, SOj + 1 HO, or protochlorid 
o/irowFeCl + 4 HO. 

The solution of gold as well as the ii-on salt is heated to 
aLout 70° C, and the latter poured into the former. The gold 
is thus precipitated as a fine brown powder. Au CI3 + 6 Fe O, 
SO3 :=^Au + Pe, CI3 + 2 (Fe, O3, 3 SO,}. 

When a filtered sample is no longer rendered turbid by 
protosulphate of iron, the fluid is decanted, and the gold, 
which has separated in compact clumps, washed thoroughly, 
ignited, and weighed. Should it not be perfectly pure, it 
may be cupelled with a portion of lead, or fused with salt^ 
petre and borax in a clay crucible. 

According to Morin, protosulphate of iron precipitates 
completely even jjj of gold ; according to Eisner, less com- 
pletely ; according to Leool, traces of chlorid of silver always 
dissolve in the aqua regia, and are then likewise reduced by 
the salt of iron. This method is the one mosli frequently used. 



.lec.y Google 



b. Oxalie acid, HO, C, Oa and oxalates. The former, 
according to I>evol, yields a pure gold ; but for its complete 
] precipitation a longer digestion (24 to 48 hours), at a gentle 
heat, is required. As fluid is apt to spatter out in the disen- 
gagement of carbonic acid that lakes place, large vessels must 
be used, 

Au CI3 + 3 HO, Ci O3 = Au + 3 H CI + 6 CO,. 
Upon this affinity of oxalic acid for solution of cldorid of 
gold, Sempel has founded a volumetric method. 

c. Terchlorid of Amimony, Sb Clj, mixed with hydvo- 
eliloi-ic acid, reduces, according to Levol, the moderately 
wiirmed gold solution in a few hours. 

3 Sb Clj + 2 Au Clj =. 2 Au + 3 Sb CI;. 

Tlie gold is placed on a filter, thoroughly washed with dilute 

hydrochloiic acid, and fused in an earthen crucible with borax 

and s!iltpeti-e. To 100 of gold, 200 of terchloiid of antimony 

are used. 

d. Ta-cMorid of Arsenic. As CI3, produced by dissolving 
arsenious flcid in hydrochloric aeid ; reduces t!ie gold quietly 
and completely from neutral and slightly alkaline solutions, 

3 As Clj + 2 Au CI3 = 2 Au + 3 As CI., 

This process is to be recommended, 

2. Plattner^s method with chlorine ff as for poor pyrites and 
sulphuretted metaMwgical products. A civil poiin'l or more 
of the assay substance is completely roasted either in the muf- 
fle, or over a suitable fire in an iron pan which has been 
seyeral times coated over with clay and dried. The roasted 
substance is dampened with sufficient water to give it a loose 
woolly consistency, and put either into a tubulated glass 
cylinder or into an inverted tubulated retort with the stop- 
pered neck below, the bottom of the vessel being first covered 
with a layer of small pieces of quartz, over which is spread a 
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Beoond layer of clear quartz sand. By healing a mixture of 
one part binoxyd of manganese, four parts hydrochloric acid, 
and one part sulphuric acid previously diluted with an equal 
volume of water, chlorine gas is generated. This is conducted 
through water in a wash-bottle to free it from hydrocliloric 
acid, and then through the tube into the cylinder, or through 
a cork in the nook into the retort. The evolution of gas must 
proceed slowly at first, but more rapidly ailerwards. After 
the green chlorine gas is perceived above the ore, it is still 
allowed to pass for at least an hour through the daiup pow- 
der, whose gold is thus changed to chloiid. 

Daring the whole operation the glass cylinder is tightly 
closed by a previously warmed thin plato of caoutchouc, 
through which a glass tube, fitted avr4Jght, conducts the ex- 
cess of chlorine to the bottom of a glass cylinder, in which 
is placed stiff bibulous paper, spirally rohed together, and 
dampened with alcohol, to convert the chlorine into chloral 
and hydrochloric acid. 

If the chlorine is not free fi'ora hydrochloric acid, not only 
will metallic oxyds be dissolved, but also any metallic sulpliids 
and arsenids present will be decomposed, with the foimation 
of sulphuretted and arseaiuretted hydrogen, which transpo.'ie 
with the chloi-ine, and re-precipitate the chlorid of gold 
already formed. The more metallic sulphids and arsenids 
remain in the roasted ore, the longer must the chloriue-gas 
be conducted through it. 

When the process is finished the apparatus is taken apart, 
a short, narrow eduction tube introduced through the cork 
which closes the tubular opening of the cylinder or the neck 
of the retort, and the chlorid of gold washed out with hot 
water into a beaker placed underneath. The solution is 
mixed with hydrochloric aoid, and the gold precipitated in 
the metallic state by protoaulphate of iron .(psige 174). It is 
then filtered, well washed, dried, and scorified with assay 
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lead and borax,- or immediattily cupelled with load. The 
goid may also be precipitated by liydi-osulphuric acid gas, 
and the sulphid of gold scorified. In this process the silver 
generally remains in the residue in the state of chlorid ; ouly 
with bad roasting, when many other chlorids form, the leach- 
ing of the mass produces a conoentrated solulion, in which 
chlorid of silver is not altogether insoluble, and thus a small 
quantity of silver may be obt;tined with the gold. 

jiMain recommends that, before the treatm.ent with chlo- 
I'ine, the solable portion should be removed from the roasted 
pyrites with sulphuric acid. 

By this method jo Jinr "^ gol<i) even, may be extracted. 



AURIFEROUS I 

Alloi/s of gold with silver and copper. 
A. Separation of the gold by means of nitric acid 
(Quartation). 
The doclmastie separation o? gold from sUver depends upon 
the fact that if the alloy is treated with nitric acid, this dis- 
solves tht siher, but does not attack the gold, which remains 
behmd m the metallit, state If the asiay tjmple— for exam- 
ple, coma, jeweliy, gold fjom washmgs, or milJmg processes, 
auriteioua copper, etc — «iill contans copper or other metals 
that can be slagged off, tliese raii-.t first be removed by a 
ciqyeUation vnth lead, si-i only in alloy thit i'j fiLe from the 
bise metali can be advantageously subjected to the treat- 
ment with mtiic icid Accoidmg to older expeiiments, the 
stparation ot tho siher fiom the tjold only succLcdh when the 
alloy (^ontims not more than about one fourth its weight of 
gold More recent expcunients, as will be noticed later, 
allow a larger proportion of gold. If the gold is present in 
too large quantity, the alloy must first be fnsed. with a pro- 
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portionate aildition of silver, which, in case copper is pi-esent, 
takes place at the same time with the preltminaiy cupellation. 
This operation, on account of the above ratio, has been called 
the quariation, and the whole method of separation with 
nitric acid, separaiion by quartaiion. 

Copper has a greater affinity for givld than for silver, and is 
less easily slagged off on the cupel by lead from its oombinor 
tion with gold thati when it is alloyed with silver only. 
Hence, in the cupellation of cupriferous gold, a larger addition 
of lead is necessary — about twice as large a one as is required 
with an alloy of silver and copper of corresponding composi- 
tion. It is even impossible, from an alloy consisting only of 
gold and copper, to obtain the gold perfectly free from copper 
by cupellation, since the gold, even with the Largest addition 
of lead, retains small, though only extremely small qnantilies 
of copper. By the presence of silver in the alloy, the separa- 
tion of the copper is much facilitated, and such a quantity of 
silver must therefore be added in the cupellation to an alloy 
consisting only of gold and copper, that the quantity of silver 
shall be about three times that of the gold. An aJloy con- 
sisting only of ffold and copper can, indeed, be examined at 
once with nitric acid, if the quantity of copper amounts to at 
le.ost one and a half times that of the gold; but this method 
is inferior to the usual quartation, for such an alloy increases, 
by oxydation of the copper or by a certain brittleneas, the 
difficulty of the necessary lamination ; then the separation of 
the last portions of copper is more difficult, requires longer 
boiling with nitric acid, and the little rolls of gold more easily 
break up. Alloys of gold and copper only, however, seldom 
pi-esent themselves, and when, tiiey do, they may be scorified 
with sisteen to eighteen parts of granulated lead ; generally 
they contain more or less silver. 

Experience has further shown that, if the assayer would not 
be exposed to a loss of the noble metals, the quantity of lead 
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to be used in cupelling an alloy sliould not exceed eertiini 
limits ; and also that, if the ratio of the silver to th« gold 
becomes greater or less than that stated, certain modifications 
become thereby necessary in the treatment of the alloy. It 
is the general custom for separating the oxydizable m.etal3 
from gold to use double the quantity of lead reqnired for sil- 
ver of lite richness, which is very simply done by taking the 
gold assay weight half as heavy as the silver assay weight. 
Since, moreover, as was stated above, in case of a less or 
greater ratio of the silver to the gold, all the silver is not dis- 
solved by the nitric acid, it is clear that, to manage an assay 
correctly and accurately, the assayer mast already fenow the 
general composition of the alloy, so as to be able to determine 
accordingly the quantity of the quartation silver, as well as 
that of the lead to be used. If, therefore, he has not in some 
other way (perhaps from the tolerably constant character of 
sn ore^of one and the same species of coin, etc.) a general 
knowledge of this composition, then in order to obtain it, a 
preliminary test must be made of the alloy, which only needs 
to be correct to within about a carat. This consists either of 
an examination with the touch-stone and prepared touch- 
needles, or of a true preliminary assay, in which lead and sil- 
ver are then used in rathei' a superabundant quantity. 

The examination on the touchstone (see page 140) is based 
upon the fact, that the richer an alloy is in gold the more 
clearly d()e8 a streak drawn with it on a black ground present 
a pure gold-yellow color, and the less is it attacked by pure 
nitric acid or by a test acid. This test ucid aonsists of ninety- 
eight parts pure nitric acid of 1.34 spec. grav. (37" Beaume), 
two parts pure chlorhydric acid of 1,173 spec, grav, (21° B.), 
and twenty-five parts distilled water. To jndge of the richness 
of the alloy to be examined, its streak is compared wiih marks 
draivn with alloys {the toudi^eeiMes) whose richness is accu- 
rately known. Ill order to get correctly the streak of the 
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alloy to be tested, the siirfacc of the metal must tivst be 
somewhat filed away, since this may be imjjure, or, as with 
coins and jewelry, it may have been made somewhat richer by 
boiling with acid, and the so-called coloring of the goldsmith, 
and a clean fracture is rarely to be obtained. Five series of 
prepared touctt-needles are required. The first series consists 
of copper and gold, and is culled the red series, and the pro- 
portion of gold inci'eases by half carats in the successive 
needles. The second series, the white series, contains needles 
of gold and silver, in which the proportion of gold likewise 
increases by half carats. The third sei-ies, a mitced one, con- 
tains needles in which the quantities of silver and copper aro 
equal, and the proportion of gold also increases by half carats, 
T!io fourth consists also of needles for a mixed series, in 
which the silver is to the copper as 2:1, and the gold 
iuci-easesby half carats; and the fifth is also formed of needles 
for a mixed series, in which the quantity of silver is to that 
of the copper as 1:2. Moreover, in mints and stamping 
bureaux, alloys are used which correspond precisely to the 
legal standards. The testing upon the touch-stone begins by 
determining to which series the alloy to be examined belongs. 
Then those touch-needles are rubbed against the stone whose 
marks most nearly approximate in color to that of the alloy. 
The marks must form a thin continuous layer. A drop of 
pure nitric acid is now placed upon them with a glass rod, 
and its comparative effect observed. The acid is allowed to 
work a short time, and then wiped off, in order to see whether 
the streak appears unchanged, or whether it has more or less 
disappeared. The test aeid above is also used. This ia so 
composed that it does not work at all upon an alloy contain- 
ing eighteen carats and more of gold, and with such an alloy 
the streak, after using the acid, will not be wiped off with a 
fine linen rag, provided that stone and acid had a tempera- 
ture of 10 to 12° C. Pure nitiic acid produces almost no effect 
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Upon an alloy of fifteen or sixteen carats fine, and. over. Tho 
testing on the touch-stone can indeed make no pretension to 
accuracy, especially wliere the amount of gold is small, hut it 
yields suiBciently useful results for a preliminary test. It 
requires, however, a sharp and very practised eye. More- 
ovei-, the preparation of the toneh-iieedlcs is wearisome, as 
the required proportion is not always quickly reached, nor are 
good malleable alloys always obtained. The touch-stone, 
therefore, is in general only used where frequent gold assays 
are to be made of alloys vai-ying in richness, or where (as fre- 
quently with gold plate) an examination on the touch-stone 
will suffice. 

If it is desired to learn the contents closer {e. g. ■within a 
few gran) than is possible by the touch-stone, half an assay 
mark of the alloy is cupelled with as large an addition of 
lead as may be deemed necessary {i. e. at most thirty-two 
parts by weight, or sixteen assay marks), and the pure auiife- 
rons silver obtained, weighed. The loss gives the proportion 
of copper with sufficient approximate accuracy, and thereby 
the whole amount of gold and silver. This preliminary 
cupellation is naturally omitted when a pure metaUic globule, 
free from foreign metals, has already been obtained on the 
cupel by the assay for auriferous silver. If the quantity of 
auriferous silver produced from a poor assay sample is so 
small that it does not well allow of a preliminary assay, the 
touch-stone must he used, or a somewhat difierent method ■ 
followed, as will be specified later. 

The gold and silver alloy obtained on the cupel, if it has a 
deep-yellow color, is qnartated with three times its weight; 
if the color is very light-yellow, with twice its weight, and 
if it is pure while, with an equal weight of silver, *'. e. a sufB- 
cient quantity of lead is placed on the cupel, and when this 
" drives," the auriferous silver and the quartation silver are 
simEltaneously added. After the cupellation, the metallic 
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gJobuIe is flattened out and digested with moderately sti-oiig 
nitrie acid, till no moie red vapors are evolved. It ia then 
heated to boiling, after whieh, the gold obtained is thoroughly 
washed, ignited, and weighed. 

If the assayer, by one of these preliminary examinatioriK, 
or otherwise, has a previous knowledge of the constitution of 
the alloy, ho may then institute the strict assay. The 
management of the latter varies somewhat according as the 
alloy contains three parts or less of silver to one part of gold, 
and is argentiferous, or argentiferous and eupriferous gold, 
or according as more, and frequently mnch more, silver is 
present in proportion to the gold, so that the alloy consists 
of auriferous silver. 

I. Argentiferous, or argentiferoi.is and ctipriferoiis gold. 
The absolnte weight of the assay mark generally adopted 
for the gold assay in Germany, amounts to -j^ loth civil 
weight, and is correspondingly subdivided into carats and 
gran— more rarely into decimal parts. In France, half a 
gramme is taken for the gold assay. The absolute value of 
the assay weight is indeed a matter of indifference, but the 
above value has shown itself suitable for practice. The 
amount of gold is generally stated within one-fourth gran 
{or within one-thousandth in the decimal subdivision, as in 
France). The balance used, however, must indicate one- 
eighth gran, or half a thousandth very distinctly. The assay 
is either made in duplicate with whole marks, or two half 
marks are weighed and assayed separately, and the correct- 
ness of the assay conti-olled by the closely agreeing weights 
of the gold produced, but the gold obtained from both the 
half marks is finally weighed together for the statement of 
tlie result. 

Kan Tipper and a lower cut from a bar present themselves, 
half a mark of each is taken, in order presently to be 
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alile, Uy comparing the two little rolls in the weighing, to 
know the difference in the richness of the bar. 

From the properly taken and prepared (laminated) assay 
sample, the quantity required, generally two half marks, is 
very aecnrately weighed out, the precaution being observed 
not to take too small pieces, in order to avoid mechanical 
loss. If from a piece chosen for the assay a portion has been 
removed with a fine iile, it must lie brushed before being 
replaced on the balance. 

The weighed alloy is preliminarily wrapped in a small 
pnpcr cornet. A qu^mtity of silver perfectly free fj'om gold 
is now weighed out, which amounts at most to three times 
the weight of the gold to be expected from the alloy. If, for 
example, the alloy was found by the preliminary assay to be 
twelve carats fine, thicty-eix carats (one and a half assay 
marks) of silver are weighed out /wiien a wiiole mark was 
taken for the assay, or twice eighteen carats (three -fourths 
of an assay mark) when two half marks were taken. If the 
preliminary assay gave at the same time a notable quantity 
of silver, this must be borne in mind, and so much the lees 
silver weighed out now. This quartation silver is poured 
ii)to the cornet with the gold. 

The silver added must yield no trace of gold in an assay in 
which three marks are used, but may without harm contain 
some lead or copper. 

The quartation ratio of three parts of silver to one pnrt 
of gold, though sanctioned by the practice of yeai-s, is, 
according to Chaudet and Kandelhardt, not an unchange- 
able and naturally necessary one, since, according to them, 
the end is better promoted by taking only two and a half 
parts of silver instead of three. With this ratio, less sil- 
ver remained in the gold than with the old one of 3 : 1. 
The greater the quantity of silver taken in propoition 
to the gold, the less free from silver could the remaining 
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gold bo obtained, unless the eilver exceeded eight times the 
gold. 

According to Pettenkofer, the separation of the two metala 
still satcceds well when to one part of gold not more than 
one and three-fourths parts of silver are present, provided the 
concentration of the acid is properly attended to, and the 
boiling is sufficiently prolonged. The more the ratio of the 
silver to the gold increases, the more silver remains in tlie 
gold, and cannot be removed either by concentrated nitrio 
acid or by long boiling. But if this ratio reaches eight, an 
almost perfect separation takes place. 

According to Rammelsberg^ pnre niti'ic acid dissolves all 
the silver out of an alloy containing eighty per cent, and 
more of silver, and leaves al! the gold behind ; and on the 
contrary, the separation is imperfect with a proportion of 
fiom fifteen to eighty per cent, of Mlver. 

As already stated, twice as much pure lead is generally 
employed as in the cupeliation of silver of equal richness. 
The lead is best cast in the spheiical form, 

For the quantity of lead free from gold, that is required in 
the cTipellation, (VArcet has drawn up the following table : 



If the 60l( 
l(MWparla,lo 


The quanllty 


KSL%"^e 


"™DuntB^"in 


The quidtUy 


Ratio or \!,s ica.t 
nt)ieiiS5ayWthB 


1000. 
900. 


] . parts 
10. " 


100.000 : 1. 


500. 
400. 


36. parts 
34. " 


52.600 : 1. 
56.666 ; 1. 


800. 


16. " 


80.000 : 1. 


300. 


34. " 


48.571 : 1. 


700. 


22. " 


73.333 : 1. 


200. 


34. " 


42.500 : I. 


600. 


24. " 


60.000 : 1. 


100. 


34. " 


37.777 : 1. 



JCandelhardt gives the ratios in the table, page 185 : 
The requisite quantity of lead is chosen according to the 
results of the preliminaiy assay, and placed on a thoroughly 
heated cupel. As soon as it begins to "di-ive," the comet con- 
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1000. 


fill 


i: gold 


980. 




920. 


!i2n. 


— 


875. 


875. 


— . 


?50. 



8 times the weight of the alloy. 



. — 350. 



tainiiig the gold and the qiiartation silver is added, and the 
cupellation <M>iiducted as was directed {page 144), only with 
the difference that the heat must be kept somewhat higher 
throughout the process, but especially at the biightenlng, in 
order to obtain a pure globule. By an addition of ten per 
cent, of copper to a sample that ia free from it, a brittleness 
of the alloy in the subsequent lamination is to be avoided. 
One-half of the lead ia also sometimes placed on the cupel first, 
whe» this "drives," the alloy added, and then the rest of the 
lead {page 144). The alloy and the silver may either be in 
the same comet, or in two separate ones. Tiie cupels at first 
stand in the back part of the muffle ; after they have begim to 
"drive" they are drawn forward to where ^Iver should brigSit- 
en, and agiiin pushed back in the muffle, when two-thirds of the 
le.id is cupelled off, so that a perfect brightening may ensue. 
The draft is mostly open, and towards the end of the opera- 
tion the mouth of the muffle is partially closed with coals. 
No crystals of litharge should form, and the resulting globule 
must be perfectly round, with a crystalline surface. With 
too cold a brightening, the globule is rough, and apt to craek 
in laminating. This is also the case if palladium, iridium, 
etc., are present. With too low a temperatui-e, the hollow 
of the oupel retains a glassy appearance from oxyds not 
absorbed, which is accompanied by a considerable loss of 
gold and silver. Unnecessary heat is however also to be 
avoided here. Although the globules but seldom sprout, the 
cupels are nevertheless not to be immediately taken out of the 
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furnace aftei' the brightening, as too rapid cooling -would 
render the globules less malleable. The latter are removed 
from the cupels with the globule tongs, brushed clean, and 
after being previously heated again, are laminated on a round 
anoil, with light blows from a polished hammer with a round 
face of abont one and a quailer inches in diameter. The anvil, 
in order to protect it from rust, must be covered by a ease, 
and be sometimes rubbed with a piece of wood covered with 
leather. The lamination requires some caution, in order to 
completely prei cut any cracliing. After the globule is 
Bom.ewhat flattened by a few blows of the hammer, it is 
turned up edgewise, and the edge slightly hammered lound 
with light blows pei-peudictilar to the lines x, a- (Fig, 33), 
so that it may remain smooth and even, and not become 
jagged. The globule is now placed on a suitable dlsli — an 
inverted cupel answers the purpose — returned to the muffle, 
and heated to low redness, to remove the brittleness produced 
by hammering. The lamination is further proceeded with only 
after the globule is again cold, because it is more ipt to ciack 
while hot. The i-im is then lightlj hammered ngiin -wid the 
heating repeated. The globule thus giidually t-ikea the 
forms «, b, c, d (Fig. 33). The hmmati n is ciriied on till 
a leaf is obtained of one-third of a millimetre m thicknes , 
which after another heating can be easily bent with the 
fingers. In order to judge coiTectly the thickness to be given 
to the laminated plate, either a thick piece of steel, in which a 
slit of the required thickness is made, into which the leaf will 
slide without difficulty as soon as it has reached the desired 
thinness, is used as a measui'c, or the globule is flattened out 
into a round leaf of a definite diameter (one, one and a half, or 
more inches). The first mode of measuring is the most accu- 
rate, as the quantity of the.quartation silver varies in different 
assays. If one mark of gold and three marks of silver were 
taken, the alloy is advantageously flattened out somewhat 
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larger than a one-sixth thaler piece (a little larger than a 
dime). Instead of finishing the lamination with the hammer 
and anvil, it is very advantageous, after flattening at fli-st 
soinewhat on the anvil, to use a small pair of rollers till the 
leaf assumes a more or loss oval foim — about twenty-three 
millimetres long, and twelve millimetie^ wide — ^nd ita thick- 
ness becomes everywhere uniform. The use of too high a 
temperntHrc must be avoided in heating the lamuiae, is other- 
wise they are apt to become blebby or completely fuse. 
When the required thickness is attanied, the Iea\es, after 
another heating, are rolled together with a pair of pendulum 
])liers and the dry finger, into the form of a spiral, but not so 
closely as to prevent a little space being left between the 
coils. The pliers must be perfectly clean, and should have 
no sharp edges. In order to remove any adhering greasy 
matters coming from the fingers, the little rolls are again 
moderately heated, then placed in a matrass {Fig. 23, a), and 
treated at first with weak, and then repeatedly with strong 
nitric acid. ITandelhardt, who ti-eata as many as twelve 
rolls simultaneously with nitric acid, numbers them before 
rolling them up with a hammer and punches made for tha 
purpose. 

This lamination of the globules is indispensable, for other- 
wise the nitric acid would not penetrate to the centre of the 
metal and dissolve out the silver. If the leaves are made too 
thin, the rolls retam no coherency, and are torn to pieces by 
the motion of the boiling acid, which is apt to cause mecha- 
nical loss, and is always injurious to the certainty of the result. 
Unless the assayer is much pressed for time, he treats each 
assay, or at most an assay and its duplicate in a mati-ass by 
itself, since with all precaution a roll is sometimes torn. 

There are different modes in use of treating the gold assay 
■with nitric acid, which must be free fi'om chlorine, sulphuric, 
and snlphurous acid. The roll or rolls are ^IwayB covered 
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and digested several times witli pnre nitric acid. The mati-aas 
is placed on a suitably support (Fig. 8) that prevents direct 
contact of the matrass with the coal, and heated over an 
open coal fire. Fig, 7 shows a support described by Gai/ 
Jmssuc, from the laboratory of the stamping bureau at 
I'aris. The matrass, M, stands on a perforated plate of 
iron or on a grate, and the acid vapors, before they can reach 
the chimney, pass through a glass tube, T, of about two centi- 
metres diameter and a metre in length, that terminates at 
each end in a smaller tube, t. The lower end passes without 
friction into the neck of the matrass. Aa the space between 
tlie two tubes is so narrow that a layer of fluid remains hang- 
ing there and stops it up, the vapors are compelled to pass 
up into the broader tube, where they are condensed, and 
again flow back into the matrass, and as in this way nothing 
is lost by evaporation, a smaller quantity of acid suffices. In 
order to always allow a free exit for the vapors, the lower 
end of the tube must be cut off obliquely, aa is seen in P ; the 
descending drop then collects at the point, and never stops 
up the tube. Near the neck of the matrass is an opening, H, 
about five centimetres high, through which air can pass into 
the chimney behind it. The floor of this opening is covered 
ivith a pane of glass inclined towaj-ds the chimney, on which 
the nitric acid drops, when the tubes, withdrawn from the 
flasks, hang in their frame, K. Under the plate of glass is 
another of sheet iron with slits at e, s^ainst which the neck 
of the matrass is leaned that it may not fall down. 

The fii-st boiling is performed with one and a fourth loth 
of nitric aoid of 22° B. {measured in a graduated glass 
cylinder) and continued till the red vapors cease ; then follows 
a second boiling for about ten minutes with the same quan- 
tity of previously heated acid of 32° B. The third boiling is 
sometimes, though better not, omitted, and one-fourth of a grin 
subtracted from the amount of gold obtained by the second 
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boiling, as according to experience this amount would be 
removed by tbe third boiling. A greater eo nee tit ration of the 
acid than 32'' B. does no harm ; if weaker acid is tised in the 
last boiling, a lai'ger quantity of silver is left nndisBolved. 

After all the silver is dissolved by the last boiling with 
nitric acid, the acid is poured out, and the mati-ass and roll 
washed repeatedly with hot distilled water This washing 
must be repeated (about three times) with fresh hot water, 
until the last remnant of nitrate of silver is removed from 
the residual porous gold. Tlie solution is poured earefuUy 
out, and the fresh water allowed to run into the matrass, 
while the latter is turned, in order to thoroughly rinse its 
neck. Only pui-e water — that is, water free from any chlorine 
compound— is to be used, sinoe chlorid of silver, which may 
otherwise be formed in the pores of the gold, caimot be 
washed out with water, and will thus necessarily occasion 
too high a result. The last rinsing-water, after pouring out, 
should produce no turbidity wlien mixed with chlorid of 
sodium. The miitrnss is finally completely filled with water, 
a small crucible of porous, hard-burned clay, placed over its 
mouth, and both crucible and matrass in this situation 
inverted, which causes the roll of gold to sink slowly down 
from the matrass into the crucible. The matrass is now 
carefully raised bo far that the crucible slowly fills with 
water, and then quickly drawn to one side over the edge of 
the crucible. The water is now carefully, and with avoid- 
ance of any loss of gold, poured out of the crucible. The 
dull gold has a brownish color, and is very easily broken. It 
is thoroughly dried in the crucible, which is placed on the 
shelf in front of the muffle of the assay furnace, and then, in 
the same crucible, which is provided with a numbered cover, 
so strongly heated (at a bright red heat) in the muffle, that 
it assumes a pei-fect gold-yellow color and some lustre. In 
this heatiug, the rolls diminish in volume, and b 
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that ttoy may be handled with the forceps and weighed 
without danger of breaking. 

The strong heating of the gold is, according to Vwren- 
trapp, indispensably necessary, In order that it may contract 
and lose its great porosity, since otherwise it would condense 
a notable quantity of gas during the weighing. 

Kcaidelhardt brings the rolls of gold from the matrass 
into olay vessels, which, on one-half of the flat botlom, are 
furnished with grooves. Into these the rolls are eiiaketi, 
under water, without touching them with the nippers, so that 
tliey lie separate, and cannot come in contact with each 
other. When several rolls are to be treated simultaneously, 
they are thus the least exposed to injury, and to a concreting 
together in the heating. In the weighing, the rolls obtained 
from the assay and its duplicate (or in case the operation has 
been conducted with two half marks, the st'parato rolls 
of this assay) aie first laid on opposite scales of the 
balance. In succossfiii assays they will counterbalance each 
other. If they diifer perceptibly, the assay must be begun 

The amount of gold is gonei'ally given too high, which 
proceeds from the fact that the small portion of silver, which 
it is difficult to remove from the roll of gold, cannot be so 
far separated as not to affect the weight. This remnant of 
silver is dependent on the pi'oportion of silver added ; on the 
purity of the lead used in the capellation, and of the quarta- 
tion silver; on the purity and specifle gravity of the nitiic 
acid ; on the duration and repetition of the boiling with the 
acid ; on the washing and heating of the roll of gold ; and 
on the admixture of platinum, iridium, and rhodium. More 
i-arely is the quantity of gold found too small. This may 
have its cause in too hot a cupellation or a dispropoitionate 
addition of lead, in the use of the gold globules cupelled 
without the adiiition of silver, and in the employment of 
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impure nitric acid, especially Biich ae is contaminated with an 
admixture of ciilorioe and nitrous acid. 

It has been deteimincd by experiment that all the silver 
can be dissolved out from the gold by nitric acid, only when 
the silver is alloyed with the gold in so large a porportion (at 
least eight parts to one) that the latter, by treating the alloy 
with nitric acid, is completely resolved into a tine pulverulent 
powder. If the gold and silver have such a ratio to each 
otlier that the gold remains behind in a coherent roll, it can- 
not by any kind of treatment with nitric acid be obtained 
absolutely free from silver. Accordingly, it would be better 
to add so much silver to the gold, that the latter should be 
left as a fine powder, if the boiling with nitric acid and the 
thorongh washing and collection of the finely divided gold 
obtained were not accompanied by more inconvenience and 
difficulty than would be connterbalanced by the advantage of 
obtaining the gold free from the last traces of silver. Only 
with anriferous silver, from which, moreover, the gold cannot 
be obtained in the form of a roll, is it obtained, as will be 
shown later, as a fine powder free from silver. In the assay 
of the richer gold alloys it la the nniversal practice not to 
increase the quartation silver above three times the quantity 
of gold, in order to obtain the gold as a colierent rf>il, unless 
in a special case it is desired to institute a controlling assay 
by obt^ning the gold dust. 

If, in treating the gold alloyed with three parts of silver, 
strong nitric acid were used at first, the roll would very 
likely be tora to pieces, without, however, falling into powder, 
and thtis we should have all the disadvantages of apulvernleiit 
gold, without obtaining it entirely free from silver. Dilute 
nitric acid is therefore always used at first. But this dilute 
acid now is far from being able to remove all the silver, and the 
boiling of the roll is, therefore, after the nitrate of silver solu- 
tion has been carefully decanted, repeated once or twice with 



.lec.y Google 



192 ASSAY OF GOLD. 

strong nitric acid, whereby the remnant of silver in the gold 
is so far diminished that, with proper attention, it allows a 
correct determination of the gold. 

The errors which this remnant may cause become less, the 
smaller and more insignificant the remnant -is after the treats 
ment with nitric acid. 

In the conviction that this remnant can never be entirely 
removed, it has been sought in ail gold ass.ays to reduce it to 
a email, but constant quantity, and for this purpose the follow- 
ing coarse is pursued, 

A considerable quantity of both a weaker and a stronger 
acid is prepared. The first is generally taken at 22° E. 
(1.166—1.1864 spec, grav.), the second at 32° B. (1.26— 
1.2962 spec. grav.). An assay mark of pure gold, produced 
by repeated solution in aqua regia and precipitation by pro- 
tosul])hate of iron, is then qnartated with three parts of silver 
fi-ee from gold, and the roll oblained, digested at first with a 
definite meaaui'ed volume (abont one ounce) of the weaker 
nitric acid, which about half fills the matrass, until the evolu- 
tion of nitrous acid has entirely ceased for some time, which 
tiikes abont a quarter of an hour. The solution of nitrate is 
then carefully decanted, and the roll again digested wiih the 
stronger nitric acid for a definite, and best not too short a 
time. The quantity of this acid must likewise be measured, 
and IS generally somewhat smaller than that used for the first 
boiling. With respect to the time employed in this operation, 
I have seen difierent assayers in German mints and emporiums 
vary from one to ten minutes. After the washing and lieat- 
iiig, it is found that tlie gold has slightly increased in weight. 
This experiment must, for the sake of ceilainty, be again 
repeated in precisely the same manner. Moi'eover, a few 
alloys whose composition is accurately known must be exa- 
mined in the same way, or an assay mark of pure gold and 
copper in several different proportions is weighed out, quar- 
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tated, and the goliJ separated in the same way. Hera also a 
small increase will be found in the weight of tlie gold. After 
the amount of silver i-emainiiig behind has thus heen found, 
both with fine gold and with a ftw (perhaps two or three) 
different alloys (the legal ratio for gold coins, the usual rich- 
ness of gold from washings, etc., is chosen), this remnant is 
then considered as constant or proportional for tlie interme- 
diate valnes. 

If a gold alloy is now to be examined, it is treated, in the 
process, with e^al quantities of the prepared acids of the 
definite strength, for exactly the same time, and otherwise in 
the sams way (on precisely similar cupels, etc.). The same 
quality of silver is also used in the assay which was employed 
with the pure gold. It must also be seen to that the leaves 
acquire exactly the same thickness in the lamination as in the 
assay of Ihe pure gold and the special alloys, since this has a 
sensible influence on the amount of the residue. From the 
weight of gold found by the assay, the previously found and 
determined residue of silver is now subtracted to obtain a 
true statement of the gold. 

The amount of silver retained depends in great part on the 
duration of the boiling with the stronger nitric acid. If this 
is continued only for one to two minutes, it may amount to 
about one gran or even something more, and errors are more 
apt to occur the larger it is. If the boihng is continued for 
eight to ten minutes it can be reduced to one-fourth to one- 
eighth of a gran. I have not been able by this method to 
reduce it below one-eighth of a gran. 

Vauquelin prescribes for the first boiling of fifteen to twenty 
minutes, a nitric acid of 22° B., and for the second boiling a 
dui'ation of seven to eight minutes, with an acid of 32° B., 
but takes no further notice of the residue of silver. 

Chaudet digests at first with nitric acid of 22° B., which he 
allows to work only for a short time. He then replaces this 
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aciil by a etronger one of 32" B., and alloivs it to boil for ten 
miimtes. He then decants the. aciii and vepeats the diijestion 
for the third time with an acid of 32" B., which he keeps boil- 
ing eight to ten miniitea. He now takes no further notice of 
the remnant of silver, and eonsidere the gold obtained as pure. 

The presence of nmch platinmn as well as of iridium and 
rhodium, especially the lust two, is the most prejudicial to 
this process, as they remain undissolved with the gold (see 
the respective alloys). 

According to PettenJcofer, almost all gold fi-om qnartition 
contains a few thousandths oi platinum, which greUly is-iivts 
to increase the amount of silver retained m the gold By 
fusion with biaulphate of potasaa or soiJa in a phtinum cap- 
sule, or a porcelain crucible, and washing out the mass with 
water, almost all the silver may be extmted as snlphate of 
silver. The presence of platinum makes the gold more brit- 
tle ; but the former can be removed as platinate of polassa 
by fusing with saltpetre, though in this process quite a per- 
ceptible loss of gold takes place. Platinum disposes gold to 
oxydation. Tlie presence of diver protects platinum from 
oxydation. 

lliat a loss of gold takes place in the cupellation if this is 
conducted at too high a temperature, or if the alloy is cupel- 
led without quartation silver { Chaudet states it at one to thi'ee 
thousandths in thin last case), is an already long known expe- 
rimental fact. But that this takes place in a noticeable quan- 
tity with a proper cupellation and with the addition of the 
quattation silvei', especially if the alloy contains much cop- 
per, was first made clear later by Kdndelhavdt, who is at the 
saine time of opinion that the ahsorption by the cupel is 
richly compensated by the silver retained in the gold. If the 
gold alloy to be examined contains little or no copper, the 
absorption of gold by the cupel appears to be far less, and 
hence the residue of silver is not so much diminished as with 
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a cupriferous gold. The larger mass also contributes to tliia 
result, as it does not lose so much in proportion on the cupel, 
and cannot be so easily freed from silver. 

Levol has also observed a loss of gold on the cupel by the 
ordinary trcsatment, and I have found by expei-iment that this 
loss of gold amounts to one-fiftieth to one-eigbtieth of- the 
quantity of silver which is at the same time absorbed 
by the cupel. S^andelhardt bases his treatment of the 
assay upon his assumption as above ; and under the sup- 
position Ihat only two and a half parts of silver have 
been used in the quartation (a pro]iortion which Chtnidet 
also does not disapprove of), gives the following directions 
with respect to the boiling in nitric acid, which have for their 
object to reduce the residue of silver to a minimum. Two 
half assay marks are taken for an assay, and the two rolL^ 
obtained are covered with one and a quarter loth of pure 
nitric acid of 1.20 spec. grav. in a glass matrass of such size 
that the belly is at least half filled with it, and the matrass is 
placed over a coal fire. If the assayer wishes to boil several 
rolls at once in the same matrass, he must be suffii:iently 
adroit to bring the fragile rolls of gold out of the matrass 
without injury when the boiling is finished. To four rolls 
two loth of nitric acid are then taken, etc. This first affusion 
js bolted with the rolls till all rel ^ ipor^ hive liaaijeired 
fiom the nccl of the mitti s Immediitely after tbe rolls 
ha^e 1 eon placed f^er the tire in equal quantity of acid of 
1 30 -ipec griv is [ oured mtj another aniill matrass viith a 
nirrow neck ind i hp f jr jfuring and this likewise j Keel 
ovei the fire to 1 eat gnduilH so tl at wi en the first boiling 
IS fin shud this stiongei lud may also be boilmg hot Tl e 
niatnss with the rolls now freed fiom redvipors is next 
taken fiom tl e hre a cloth, piper oi leitl er ri^ I ein^ us«,d 
as a holdtr md tht. boilmg solution of nit te of siher 
qiickly anl skilfully pouel off The scco 1 milri '■ with 
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the boiling stronger aciJ is then seized in the same ivay with 
the right hand, while the first is transferred to the left, and 
ttie strong nitric acid quickly, but adroitly, poured over the 
j'olls of gold, which are then immediately replaced over the 
fli'e. The boiling will at once I'eaume its course, and is con- 
tinued for ten minutes. If the amount of gold to be expected 
is over twenty carats (or 850 thousandths), a third boiling 
must be undertaken in the same way, and likewise with 
strong acid of 1.30 spec. grav. This also is allowed to pro- 
ceed for at least ten minutes. If the boiling is irregular, an 
expedient suggested by Chaudet, a small piece of coal thi-own 
into the matrass, facilitates the evolution of vapor, and pre- 
vents, as does also a turning of the matrass, a violent spirting 
up of the fluid. 

Kaaidelhardt by no means considers the gold obtained as 
absolutely free from a small remnant of silver, but believes that 
its weight with the above process gives the contents correctly, 
because this remnant of silver is passably compensated by a 
small, often scarcely ■woighable loss, which the gold has suf- 
fered in the quartating cupellation, or at least is so far com- 
pensated that the difference no longer perceptibly influences 
the result. Kaiidelhardt prefers a quartation with two and 
a half parts of silver, to one with three parts, for the reason 
that his method as above still gave him somewhat too high a 
value with three parts of siivei", and Jic obtained a more 
correct result with two and a half parts. In bis experiments, 
however, be used cupels consisting of two parts of fine, well 
leached hard-wood ashes and one part of not too finely 
pulverized bone-ash, lined on the inside with fine bone-ash, 
and perfoi-med the cupellation in an iron muffle, in which, 
after the "driving" had commenced, he drew the cupels for- 
ward to the place where silver should brighten, and, when 
two-thirds of the lead was driven off, shoved them again back 
in the muffle. 
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Fvom what is stated (page 194), respecting the loss of gold 
on the cupei, it follows of course that if in an alloy consist- 
ing of gold, siJver, and copper, the gold and silver are both 
to be deteiinined, two assays must be made, one of which is 
cupelled without the addition of silver, and from it the whole 
amount of gold and silver determined (the preliminary assay, 
page 181, may be used for this purpose), and the other, cupelled 
with quartation silver, and treated with nitric acid. Should 
the globule obtained from the first assay be quartated with 
silver, cupelled for the second time, and used for the deter- 
minatioQ of the gold, the percentage of gold would neees- 
B^rily be found too low. 

It is moreover indispensable {as both Chaudet and Kandel- 
Jutrdt recommend) to assure one's &e\i, at least occasionally, 
of the eoriectness of the assay treatment, by making con 
trolling assays with alloys whose composition is accurately 
known, or with pure gold, in which it is best to let alloy and 
gold accompany the substances to be proved, and go through 
the process with them. 

The laboratory arranged for gold assaying in the Pans 
mint by Peligot and Leool, in which two assayers can m^ike 
fifteen gold assays at once, has the following construction 
(Figs. 34 to 41): 

a, Gas burners attached to the tube A A' A", which 
receives illuminating gas fiom a gas reseiToir, outside of the 
place. By means of the cock A, the communication of the 
gasometer with the burners can he cut off. Each of the 
latter has likewise a cock for regulating the supply of gas 
(Fig. 37, burner on a larger scale). B B, Notches in which 
the necks of the glass matrasses rest while the alloy of gold 
and silver is treated in them with nitric acid. D D, Shelf on 
which the naatrasses are placed after the boiling with nitiio 
acid is finished. Their mouths are situated under the venti- 
lators d d, which are movable on hinges, and are placed over 
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the openingH C C. E, Slate for noting the tJme of the boil- 
ing. F F, Vessels of porcelain, one of which contains nitrio 
acid of 32° B., and the other distilled water. G, Niches in 
which are placed three porcelain funnels, 6, which are labelled 
on the outside, " nitrate of silver," " nitric acid," and " wash- 
water," and provided with platinum sieves (Fig. 38), into 
which the silver solutions and the water from the washing of 
the rolls of gold are poured, and which retain the little pieces 
of coal, put into the matrasses to prevent irregular boiling. 
These fluids run thi-ough earthen tubes, H H' H", into three 
flasks, placed in the space I, which may be closed with a 
door. To remove the aeid vapors, the openings, K K' K", B, 
and C, discharge into the chimney of the mufile fui'nace. 
J, Cupboard for keeping cupels, m. Pan for catching the 
drops falling from the cocks of the vessels F, Fig. 3fl, 
Wooden tonga, for seizing the matrasses while decanting the 
hot fluids. Figs, 40 and 41, Muffle furnace; a large, and h 
small muffle, closed by clay pHtes c d; e, door for introducing 
coal, turning on the hinge /, and opened or closed at will, 
from the front or rear of the fuinict, by the handle ^ g' g"- 
h. Shelf for cupels, etc , ?, gnte of movable bars ; h, open- 
ings for cleaning the giate, clOsLd by thick plates of tire-clay; 
I, plates, which surround the tuinat,e on all sides; m, chim- 
ney. 

If an alloy contains more than three parts of silver to one 
of gold, the gold, sepai'ated by boiling with nitric acid, no 
longer retains the form of the roll, but is resolved partially or 
entirely, according to the proportion of bilvei', into powdei". 
Pulvei'ulent gold is formed when the gold and silver are 
pi'esent in the ratio of 1 : 4. But in order to attain a com- 
plete solution of the silver by a single treating nith weak 
nitric acid and a single boiling with stronger acid, this ratio, 
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according f o the experhiients of KandelhanUj must be at least 
as 1 ; 8, If less silver is present, the gold dust must be bpiled 
a second time in the stronger nitric acid in order to be sure 
of a complete solution of the silver. If such an alloy contains 
copper at the same time, it must also be cupelled before the 
treating with nitric acid. With respect to the lead to be used 
in this, one must be governed by the character of the alloy. 
The richer it is in gold in proportion to the silver, the more 
nearly must the quantity of lead chosen correspond with the 
proportions given on page 184 for the cupellation of gold; the 
more the quantity of silver predomiHates over the frequently 
very small amount of gold, the more closely does the quantity 
of lead to be used approximate the proportions given on page 
141 for the cupellation of silver, and then, in the cupelling, 
so high a degree of heat should not be used as in the cupel- 
lation of alloys vei-y rich in gold. When the auriferous sil- 
ver is cupelled to remove the copper, a small loss of silver 
always takes place through the absorption of the cupel, in 
precisely the same way as was stated in the cupellation assay 
of silver. The quantity of silver, after deducting the gold 
fonnd, must therefore be obtained too small by the amount of 
this absorption. Hi therefore, a very accurate determination 
of the silver is required at the same time, quantities of the 
se|iai'ate, pure motals, exactly corresponding to the alloy, 
miist be weighed out, and cupelled undei' like circumstances, 
in order to be able to conti'ol this cupel absorption ; or the 
alloy may be subjected to a silver determination after the 
method of Gay Lussac (page 151). 

If the quantity of auriferoi^ silver, obtained from the exa- 
mination of a very poor assay substance, is so small that no 
jTuIimimry assay can be made of it (page ISl), and if the 
quantity of gold to be looked for is greater than one-eighth 
of the mass, the auriferons silver must be fused and cupelled 
with no moi^e lead than is absolutely necessary, and with such 
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a quantity of silver free from goW, that the assayer may he 
certain of having eight parts of silver to one part of gold, and 
then treated just like ordinary argentiferous silver. 

The greater does the proportion of silver heconie, the less 
necessary is a lamination of the aui'iferous globule, and it i^ 
omitted altogether when the quantity of gold is hut small. 
In the latter case it is well to warm the nitric acid befiire 
introducing the very carefully bmshed metallic globule. If 
the proportion of gold in the silver does not exceed a few 
carats, a single treatment with nitiie acid of ],2 spec. grav. 
— 25" B., and a subsequent boiling with strong acid of 1.3 
spec. grav. — 34" B, suffice ; if the proportion of gold is 
higher, the assay must be boiled a second time with the 
stronger acid, or else the first boiling with this stronger acid 
must he somewhat longer (at least ten minutes) continued. 
With silver that is poor in gold it generally aufllces to cupel 
two half marks with lead, and then, only once, and without 
lamination, to boil together the two globules obtained Mith 
nitric. acid of 30° B., until no more red vapors are evolved. 
KandeVKarit nscs the solution of nitrate of silver obtained 
from previous gold assfiys, which always contains much free 
niti-ic acid, since he has found that the gold dust then agglo- 
merates more together, and is not ao finely divided, as in 
oure nitric acid, and can be better collected and washed. 
'fhe solntion of nitrate obtained must be perfectly clear, and 
not retain any finely divided gold in sasponsion. 

The washing, collecling, and heating of the fine, more or 
less blackish gold dust is pei-ftirmed precisely as in the 
methods given above for richer gold alloys, but requires more 
altentron and greater practice, in order to avoid with cer- 
*ainty all mechanical loss of the finely-divided, gold. Before 
the decantation of the nitric acid solution and the wash- 
water, the gold dust must have settled completely to the bot- 
tom. After inverting the matrass in the crucible, the opera- 
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tor may assist the complete desecnt of the gold dust by a 
light tapping of the matrass ; but for the perfect collection 
and deposition of the gold, he must have patience, and allow 
the matrass to stand quietly over the crucible for a sufficient 
length of time. By skilfully iiidining the crucible while 
pouring out the water, the fine gold dust is brought into a 
smali heap. It afterwards bakes together somewhat in the 
heating, and can be entirely removed from the crucible by a 
gentle tapping, when it is immediately, or after cupelling with 
a little lead, placed on the scale of the balance. Ita weight 
gives the proportion of gold correctly and accurately. It is 
well, however, here also to control the process, from time to 
time, by a synthetic weighing out of pure metals, which are 
then treated precisely like the assay. 

js. Separation, of gold by means of sulphuric acid. 
Sulphuric acid has long been employed for separating 
silver from gold, and in the large way this method is used 
almost exclusively. It does not however seem to be adapted 
for a scientific assay, and for this purpose nitric acid is almost 
exclusively in general use. According to Chaudet, rather 
less gold is almost always obtained by using sulphuric acid 
than when nitric acid is employed, and it is also stated that 
the gold retains no remnant of silver ; this, however, according 
to J'etlenkofer's experiments, may not be the case. For the 
separation by siilphuvic acid, the alloy must likewise contain 
a pretty large proportion of silver to the gold, or else be 
previously quartated with silver. Some assayers choose three 
pails of silver to one of gold. Chaudet prefers two of silver 
to one of gold. The boiling must be repeated a second time 
and continued for ten minutes, and after each boiling, espe- 
cially after the last, the roU of gold must be washed with con- 
centrated sulphuric acid before water is poured over it, for 
sulphate of silver is easily soluble in sulphuric acid, but difS- 
0* 
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cultly soluble in water. This method becomes impracticable, 
particularly on accoiiiit of the high boiling point (326° C) of 
pulphnric acifl, and the thumping which t'ilies place in the 
boiling. It must moreo^'er give false results, if in the cupclla^ 
tion even an exceedingly small quantity of lead (and the case 
would be almost the same with bismuth) has remained in 
the metallic globule ; any small quantities of platinum present 
would also remain in tho gold, which is not the case in the 
treatment with nitiic acid. Also, instead of boiling with 
sulphuric acid, the assay may be fused with bisulphate of 
potassa or soda. 

o. Separation of gold by means of aqua regia. 
The examination of an alloy consisting principally of goM, 
by dissolving it in aqua regia, and precipitating the gold 
from the solution with protosulphate of iron (pi^e 1 74), is infe- 
rior to the ordinary process, not ooly on account of the time 
required, but because it is attended with many other incon- 



From a thinly beaten alloy that contains less than about 
fifteen per cent, of silver, aqua regia dissolves all the gold, 
and leaves all the silver behind as chlorid. With fifteen to 
eighty per cent, of silver in the alloy, all the gold is not dis- 
solved by aqua regia, as the alloy becomes covered with a 
thick layer of chlorid of silver. Such an alloy may be fused 
in a porcelain crucible with three parts by weight of pure 
lead, and then treated with nitiic acid, which thus dissolves 
all the silver and lead, and leaves the gold. 

Assays for other gold alloys. 

1, Auriferous bismuth and lead are either directly cupelled, 
or, with a vei-y small percentage of gold, first scorified, and 
several buttons concentrated to one. 

2. Auriferous tin is oxydized in the muffle, twenty-five 
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pounflB of it scorified willi sixteen parts of granulated lead 
and four parts of borax, and cupelled. 

3. Auri/ercnia iron, steel, or pig-iron, is oxydized with 
niti-ic acid, the resulting fluid evaporated to drynesiS, and the 
dry mass well scorified with eight to twelve pai-ts of lead, 
two to three parts of borax, and one part of glass. 

4. Aurif&rous mercury is scorified, sometimes after pre- 
vious distillation, with a very gradually increasing tempera- 
ture, and with eight parts of lead. 

6. Gold containing rhodium is fused with three to four 
pai-ts of silver, parted aa usual with nitric acid, and the well- 
wftshed and dried gold fused at a red heat in a platinum 
capsule with bisulphate of potassa or soda, whereby the 
rhodium, together with the remnant of silver, is dissolved, 
with brisk evohition of sulphurous acid, and the formation 
of a browuish-red to black salt. The fluid mass of salts ia 
poured ofi'from the gold, and the fusion with bisulphate of soda 
again repeated, whei'eupon the fluid salt appears but slightly 
colored. After this is again poured off", the gold is boiled 
a few times with distilled water, dried, and ignited. 

In order to be certain of the complete removal of the 
rhodium, the gold is again mixed with three parts of silver, 
and the above process repeated. A trace of rhodium imparts 
to the bisulphate of soda a yellowLsh color, and when this 
happens, the globule of gold sufiers a loss of weight com- 
pared with the previous weighing, 

6, Gold containing iridium is dissolved iu aqua regia, 
whereby the iridium remains behind as a black powder. 
This is well washed, and the gold precipitated from the 
diluted solution with protosulphate of iron. In California 
gold, ii'idium is often found. 

7. G^d containing palladium is alloyed with three parts 
of silver, and treated like an ordinary gold assay, when the 
palladium as well as the silver goes into sohttion. After 
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the htter lias been removed from the diluted solution by 
clilorid of sodium, the former may lie precipitated by metallic 

8. Gold containing platinum is treated of under platinum 
(See Bodemann's Probierkunst, page 379, etc.). 



i UPON THE GOLD ASSAY. 

Gold assay with the washing trough. 

Expei'ience shows that this assay gives a Bmallcr quantity 
of gold than is actually obtained by the cleaning in the large 
■way. It aifords, notwithstiinding, a quick and cheap means 
of examining a gang or sand for gold, and by continued com- 
parative observations, a coefficient may be determined, by iho 
use of which, with similar substances and processes, the true 
mill-yield of gold may be calculated with tolerable certainty 
from the yield of the washing trough. Thus for the vein ore 
stamped at Bockstein and Rauris, from the average of twenty 
years, this coefficient is determined at 1.15 and 1.39. Tlie dif- 
ference between the yield of the washing-assay and the actual 
product depends, moreover, not only upon the character of the 
ore, but quite as much upon the skill and management of the 
extractor of the gold. Above all, however, it must bo 
attended to, that by careful avei-aging of the supply of ci-ushed 
oi-e or sand to be assayed, or where contiguous veins are to 
he tested, by suitable borings or scrapings a material should 
be produced for the washing-trough as similar as possible to 
that used in the large way. 

According to MamdoJir and JUfhn, at the mmt in San 
Franeiscn, the fire assay was formeily but very rarely used 
for deteimining the gold in the gold bearing quartz of Call- 
fomia. It generally sufficed to pulveiize a piece of known 
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weight in a mortar, to concenti-af e the powder sufficientlj" with 
water in a wooden or iron pan, and then to amftlgamate. 
The pnlveiization in this ciiae should not be performed all at 
once, but the mortar must frequently be emptied, its contents 
separated with a fine sieve, and the coarser part pounded 
again, since particles resembling gold leaf are easily lost in 
the washing. 

Practitioners perfectly familiar with the subject, judge the 
amount of gold pretty correctly with the eye, by pulverizing 
a small quantity and washing it in the horn, so-called. This 
consists of a piece of an ox-horn cut off near the root, from 
which a piece in the form of a trough is cut out lengthwise. 
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GESEltAL UlSMAKKS. 

Besides the products of amalgamation, the following sub- 
stances chiefly present themselves for docimastic esamination ; 
Native mercury^ sometimea mixed with silver ; amalgam = 
Ag Hga with 34,8 silver and 65.2 mercury, and Ag Hgj with 
26.2 silver and 73,8 mercury; cinnabar ~ Hg S with 86,2 
mercury, and its mixture with carbonaceous and earthy mat- 
ters as liver ore; and mercunai fa/derze (page 50). 

The mercury may be determined in tlie dry way, or partial 
ly or wholly in the wet way. 

All assays for the determination of miTcury in the dry way 
are based upon the tact that the mercuiy, whether already 
free, or set free from its compounds in the process, can be dis- 
tilled, condensed, and collected. 

The mercury obtained is. Indeed, never chemically pure, but 
with a properly conducted operation the impurities are so 
small that they may be neglected in the assay. 

By far the greatest part of the mercury which the metal- 
lurgist produces, is obtained from ores which contain it as 
cinnabar ; but a small portion is found native, and it is still 
more rarely found alloyed. Other natural compounds of mer- 
cury that could interest the metallurgist are f^v,'. They 
would, in respect to any ass.ty which might be made of them, 
follow in general the assay method for cinnabar. 
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ASSAYS OF MEBCDRT IN THE DRY WAT. 

Assays for compounds of niercujy with sulphur or chlorine. 

1. Richer clnnahor ores. Since the eulpiiuretted com- 
pounds of mercury are decomposed by fixed alkaline carbo- 
nates or caustic alkalies at an incipient red heat, it is most 
advantageous to intimately mix the ore to be examined 
(eight to one hundred loth, civil weight) with about half, or 
an equal weight, or even somewhat more, of carbonate of 
soda, carbonate of potassa, black flux, etc., and subject it to 
distillation. The decomposition then follows at a modei'ate 
red heat, at which cinnabar does not sublime without decom- 
position. Sub-chlorid and chlorid, as well as sub-bi-omid and 
bromid of mercnry, are, however, in this way partially volatil- 
ized undeconi posed, if the precaution necessary in this case 
has been neglected, which is to mix the ore with the carbo- 
nate of soda, etc., in the most Intimate manner possible, by 
previously rubbing them intimately together with water and 
drying them again. If, therefore, horn quicksUver should be 
expected iu the ore to be examined, regard must be had to 
this. 

Instead of the alkalies, the ore may also be mixed, thoTigh 
it is not as well, with tweuty-five to fifty per cent, of iron 
filings, or from one-half to an equal weight of carbonate of 
lime or eanslio lime. In the latter case ten to fifteen per 
cent, of coal-dust is added to facilitate the reduction. In both 
cases a decomposition is effected only at a higher tempera- 
ture, at a strong red or even an incipient white lieat, at which 
cianabai' itself is apt to volatilize without decomposition. 
This does not happen if a mixture of caustic soda and caustic 
lime is used, which does not fuse like the alkalies alone. 

Coal alone, indeed decomposes snlphid of mercnry, with the 
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formation of snlpliid of carbon. But this decomposition is 
impi-aoticable as an assay method, since it first begins at a 
temperature in wbich a great part of the cinnabar volatilizua 
undecomposed. 

By the nsa of iron filings, rnetallic mercury and siilpliid of 
iron are very simply formed, 

Wlien fixed alkalies and alkaline earths are used, aulphuiio 
acid is produced from tbe oxygen of the former and a pail of 
the sulphur in the cinnabar, and the alkaline or earthy metal 
set fi-ee takes another portion of the sulphur of the cinna- 
bai- to itself. Thus if carbonate of potaasa, for instance, is 
used, sulphate of potassa and sulphid of potassium are formed, 
■with evolution of carbonic acid, and if coal eoough is present 
at the same time, the sulphate of potassa is again reduced to 
sulphid of potassium. 

The distillation is generally performed in clai/ retorts or 
tubes, which are previously coated, if necessary, with a 
glassy flux. If alkaline fluxes are used, and in pretty large 
quantity, iron retorts, covered with clay on the outside, may 
veiy advantageously he employed. After the operation their 
contents may be soaked and dissolved out with water. The 
iron retoi-ts are indeed attacked to some extent, but afibrd 
the advantage that they are perfectly impenetrable by the 
mercurial vapor. It is advantageous to caat them so that 
the neck can be unscrewed. 

After the introduction of the mixed and charged assay, it 
is best to cover it over also with a layer of the flux, and care- 
fidly clean the neck of the retort or the empty part of the 
tube from all that may adhere to it. It is preferable to take 
a pretty large quantity — eight to one hundred loth, civil 
weight— for the as«ay, and with very poor mercurial ores, 
one hundred loth is the quantity chosen. 

On account of the foreign gases evolved in the distillation, 
the receiver should not be joined air-tight to the retort or 
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tabs. On the other hand, to condense the mercurial vapors 
quickly and completely, the end of the neck of the retoit is 
wrapped around with a very hroad strip of paper, or linen 
cloth, which is to he kept diimp, and the tubular prolongation 
ihiis foi-raed is allowed to dip into the water with which the 
receiver must always be partially filled iii the assay of mer- 
cury. To allow the neck of the retort itself to pass into the 
water is not feasible, beonuse then, by a decrease of tempera- 
ture in the retort, the water might rise up into it. Any ves- 
sel, such as a beaker, a confectioner's jar, or the like, may 
servo as a receiver. Also wet linen bags which are tied 
round tiie end of the tube or the neck of the retort, and dip 
into the water, are used as receivers. The water in the 
receiver must be kept cold. It is also very expedient to nse 
a lAebig's cooling tube (Fig. 24). 

The distillation may be performed, with a slowly increasing 
lieat, in any suitable fumnce which produces the necessary 
heat, and allows it to be easily regulated. If the distillation 
is performed in a retort, it must be seen to that not only the 
bottom and the sides, but also the top becomes sufficiently 
heated. The beat to be given depends upon the fluxes 
chosen. At smelting works where many mercury assays are 
to be made, a small revorberatory fumace has been con- 
structed especially foi- this purpose, which allows twenty-six 
assays to be carried on simultaneously. Such a furnace in 
use at Idria is shown in Figs. 4, 5 and 6. 

The distillaliou is finished when no more now drops of mer- 
cury form in the receiver. 

The separated mei'cnry hi^ for the most part completely 
collected in the i-eceiver, though isolated drops may still hang 
in the neck of the retort. These are made to flow out if 
possible by a light tapping, but still tlie neek of the retort 
must be very carefully swept out with a feather, in order to 
collect every remnant. Should the mercury obtained not 
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flow together well at once, it is nsually simply boiled up 
lightly once with water. 

The last remnant of adhering water is removed with blot- 
ting paper or bui-ned lime, or expelled by evaporation at 
thiity to fifty degrees C. The mercury is then placed in a 
light tai-ed glass vessel npon the balance. 

Loss of meromy by scattering, or from similar causes, must 
be very cai-efully guarded against in the a^ay. With a lack 
of proper care small losses of this kind are most generally the 
occa.sion of incorrect and false results. 

Great errors might result from this, if retorts and tubes 
were used that allowed the vapor of mercury to pass throiigh 
them. 

The assay is considered successful when the directions given 
have been observed, and the results of the assay and its dupli- 
cate closely agree, and no undecomjiosed cinnabar has depo- 
sited in the tube or in the neck of the retort, which last, how- 
ever, can only be the ease when the ore hiis been badly mixed 
with the reducing agents ; or, if lime or iron filings were 
used, when the heat was too rapidly increased. 

This method of assaying has at least such a degree of accu- 
racy that it can seiTe very well for the control of smelting 
operations, or for determining the value of an ore. Experi- 
ence has shown that in general it gives the percentage some- 
what lower than it really is ; but nevertheless the mercury 
assay is quite as reliable as many other metal assays, e. g. the 
lead or tin assay. The more the percentage of meicury dimi- 
nishes the more unreliable do the assays become. With one 
to five per cent, of mercury, even, the quantity found differs 
materially from the real one. The mercury is indeed weighed 
to within one-fourth per eenl^ though the assays are no loJiger 
by any means reliable to this degree. The assay by using 
from one-half to an equal part of black flux is pei'haps the 
most preferable, as by this the complete decomposition of the 
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ore, anci this indeed at a modei'ate red Leaf, can be best 
assured. 

At Idiia eight assays are taken from each furnace charge, 
each, as one assay centner (one-fourth of a pound, civil weight), 
mixed with two to three spoonfuls of pulvertxed lime, and 
the assiiys placed in eight iron retorts of a galley furnace 
{page 209), The recciverB are then attached, and the spaue 
between the two carefully luted, and the assays heated. 
Since by experience the lubes lying near the fireplace and the 
chimney give a smaller resultant quantity of mercury than 
the middle ones, the former are left vacant. As soon as the 
empty tubes glow with a bright red heat, tlie process is 
finished. The receivers are not cooled. The mercury 
obtained from each assay is weighed, au-d the average of the 
eight assays taken. The percentage of mercnry found is only 
an approximate one. To determine the amount of loss in 
mercury, G-lowachy has formed mixtures of metallic mercury 
and sulphur, and subjected them to distiliatioii with lime. 
The following results were thus obtained; — 
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most cases, the ore to be examined is not mixed with foreign 
volatile substances wljich would be evolved simultaneoosly 
with the metiillio mercury. But if the ore to be assayed con- 
tains arsenic, sulphid of arsenic, and the like, ttie assay pro- 
cess must be modified. 

JBerthier, who got liold of an ore containing ai-senic, real- 
gar, etc., and cinnabar from ITuanca- VUica, in Peru, found, 
after manifoldly varied fruitless experiments, the following 
method best adapted to its examination for moi-cury; 

The ore was heated in a retort with four to five times its 
weight of litharge. From the litharge, the sulphid of arsenic, 
etc., a fusible slaggy mass was formed while the cinnabar 
was decomposed into sulphurous acid and metallic mercury. 
The mercury volatilized completely at a modei-ate heat, and 
collected in the fore part of the neck of the retort and in the 
receiver. The single precaution which must be observed for 
the success of the assay consists in only gradually, and only 
moderately, heating the clay or glass retort, iis order to pi-e- 
vent its being perforated by the corroding effect of the 
litharge bctbre the operation is ended. 

2. Very poor cimiabar ores. If the assay sample is ex- 
tiemelypoor in mercury, the ordiuary assay method becomes 
somewhat inconvenient and uncertain, on account of the large 
quantity which must then be subjected to distillation in the 
assay. For this case Berthier found it more appropriate to 
digest the assay sample witli aqua regia, wash it thoroughly, 
evaporate the whole mass of fluid to dryness, and then treat 
the dry mass, which contains all the mercury as chlorid, 
further in the dry way. He found that if clilorid of mercury 
(corrosive sublimate) is heated with litharge, it vohitilizes 
without undergoing any change. If, beiadcs the litharge, 
coal dust is also added, or if instead of it metallic lead is 
used in great excess, the chloiid is reduced to subchlorid, 
which volatiliMs, but not the smallest drop of mercury is 
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thus produced. The best reducing agent for the chloi'id of 
mercury contained in the dry mass, is black flux, of which 
tliree parts by weight are used, and the pi'ecaiition specified 
on patre 207 observed, to prevent the sublimation of unde- 
co p 8 d 1 lor d & ce the ina's to bo subjected to dislil- 
Kt on his been g eatlj 1 m si ed by the treatment with 
q I re^ d tl e s bseq ent e aporation, and no high 

he t I now req red for tl e deco iposition, the distiilation 
av be I erfor ed i a class reto -t When the gang in the 
] r ore a ca b nate f hme all the lime is dissolved out, 
t jore tl e t itment tl a j a egia, by moderately etiong 

By this method the smallest trace of mercury in an ore or 
amalgamation product can be shown and determined by Its 
weight. 



s for native mercury or amalgam. 

Native quicksilver or amalgam, can be subjected directly 
to distillation without fl.ux. Since mercury boils and distils 
over at 360" C, only a little higher temperature than this is 
here required, but it must be continued long enough to pene- 
trate aafficiently to the interior of the retoit. 

If artificial amalgams are to be examined as to the quan- 
tity of mei'cury that can be separated from them, they like- 
wise, without fiirther addition, are subjected to distillation. 
Only a small quantity of them, however — a few loth, civil 
weight, or even less — is weighed out for the assay. The dl^*- 
tillation of these amalgams can be performed in glass retorts, 
but small iron retoi'ts, whose necks can be unscrewed, are 
more advantageous. 
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Section II. 

ASSAYS OF MEE(!UKT IM THE WET WAT. 

Vblwnetric assays. 

Voluraotnc methods ha^e been given for the deteiiniiiation 

of mercury by Hempel and Ziebig, but they do not admit of 

general use, SempePs method requu'es the cooperation of 

light ; lAehig's method presupposes the absence of certain 
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Fig. 34. 
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